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De-Epicardialization: A Simple, Effective 
Surgical Treatment for Angina Pectoris 


By Dwieut E. Harken, M.D., Harrison Brack, M.D., JAmes F. Dickson, III, M.D. anb 
Hueu E. Witson, III, M.D. 


Removal of the epicardium of the dog’s heart with 95 per cent phenol permits anastomoses between 
pericardial vessels and the coronary arteries that are large enough to carry the Schlesinger mass 
(40 micra or larger). In 18 patients suffering from intractable angina pectoris an operation con- 
sisting of phenolization, instillation of tale and pneumonopexy has resulted in consistent relief of 
pain. The simplicity of the procedure exposes the patient to minimum risk of fresh thrombosis; its 


effectiveness justifies further trial. 


ORONARY insufficiency on the basis 
of atherosclerosis, with or without 
pain, is a medical problem of first 

importance. Medical or surgical maneuvers 
designed to increase the blood supply to the 
human myocardium will require many years 
for conclusive evaluation. The alleviation of 
pain, however, is a more immediately attain- 
able objective. If experimental work on labora- 
tory animals yields a safe procedure that is 
likely to increase the myocardial blood supply 
and which on conservative clinical trial relieves 
pain, it is worthy of further application to 
patients in whom pain is a dominant factor. 
Such a procedure is presented here. 

The accumulated work in this field over the 
past 40 years falls into distinct patterns. Con- 
clusions can be drawn from these that greatly 
simplify new work. There have been three 
principal approaches to the problem. The first 
is lowering of the metabolic work load. This is 
now accomplished by chemical rather than 
surgical thyroidectomy. Although proponents 
of ‘his therapy can point to improvement of 
th r cases,!° a new disease state has been 
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created and no favorable influence on blood 
supply to the myocardium can be anticipated. 
The second great field of surgical therapy for 
angina consists of the interruption of sensory 
nerve pathways. Pain can be relieved by this 
procedure, vasoconstriction may be reduced, 
and, in the combination of these effects, there 
may be “protection”? against. coronary occlu- 
sion. The third approach is directed at the 
creation of new vascular channels and has 
seemed most attractive to us. 


BACKGROUND 


In 1899, Francois Franck! first proposed 
sympathectomy as a surgical treatment for 
angina pectoris. It was not until 1916, however, 
that Jonnesco” of Bucharest actually operated 
on a patient with syphilitic aortitis and angina 
by this technic and obtained complete relief of 
pain. His operation consisted of bilateral 
extirpation of the cervical sympathetic chain 
and the removal of both first dorsal ganglia. 
Interruption of the sympathetic pain pathways 
has been practiced extensively throughout the 
intervening decades by Royle,” White* and 
others including ourselves.'® Although control 
of pain by this means is at times dramatic, 
it is not consistent. Furthermore, in our ex- 
perience the late mortality of 50 per cent in a 
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two and one-half year period after operation 
suggests that the progress of the primary 
disease had not been significantly altered. 

Therefore, our interest in recent years has 
been in those procedures which seek to create 
new vascular channels to supply the myo- 
-ardium. The work of Beck'-7: * is preeminent 
among the direct attempts to improve myo- 
cardial blood supply. His early efforts were 
directed toward the development of vascular 
adhesions as a source of extrinsic coronary col- 
lateral circulation. In 1935, he used a pectoralis 
major muscle graft as the proposed source of 
new vessels with bone dust applied as an ir- 
ritant after mechanical abrasion of the epi- 
cardium. Similarly, O’Shaughnessy”® in 1936 
used alleuronat paste as an irritating sub- 
stance and omentum as the source of external 
collateral vascular supply. He presented similar 
experimental and clinical results. Lezius'® in 
1937 suggested lung as the source of vasculari- 
zation. Various modifications of these basic 
recommendations have been described.'* Out- 
standing among these has been the work of 
Thompson,” using tale or magnesium silicate. 
His clinical success has been impressive. 

All of the above authors reported a strikingly 
similar mortality (about 70 per cent) from 
ligation of the anterior descending coronary 
artery in the unprotected dog. Fauteux!: 
reaffirmed this and then reported a salvage 
rate of 75 per cent after ligating the great 
cardiac vein. He modified this operation" in 
1946 by combining pericoronary neurectomy 
and felt that this had furthersalutary protective 
effect. 

Vineberg”-” since 1946 has ingeniously 
employed the left internal mammary artery as 
a source of arterial blood for the ventricular 
myocardium. Again, his success in protecting 
animals from death after ligation of the an- 
terior descending coronary artery has been 
remarkably similar to that of the technique 
just described. Vineberg has implanted the 
internal mammary artery in the wall of the 
left ventricle and is convinced from injected 
and cleared specimens that new vessels branch 
out and communicate with the existing 
coronary arterial tree. Although this behavior 


is unlike that seen in any other part of ‘he 
body, Vineberg’s subsequent demonstrat. 5n 
that the dog heart can be supplied thro 
these anastomoses alone is quite impressi 
It is still true, however, that the transplan 
vessel thromboses in a significant percentag: 
vases and that other workers have had di 
culty in repeating this work. Nevertheless 1 
ingenious concept has had experimental s: 
port and has relieved pain in humans. 

In 1948, Beck* first reported arterializat 
of the cardiac veins by producing an arte: 
shunt from the aorta to the coronary sin 
In a second operation, he ligated the corona 
sinus between its termination in the rig’: 
atrium and the anastomosis in order to effe 
complete reversal of flow through the corona y 
veins. Once again, a survival rate of approxi- 
mately 75 per cent of animals, following an- 
terior descending coronary artery ligation, was 
reported as well as a reduction in the size of 
the infarct produced. In humans suffering from 
angina, pain has been relieved by this procedure 
as well. This ambitious effort appears to have 
several important defects. First, it involves 
two major operations, one for the anastomosis 
and a second for ligation of the coronary 
sinus. This is a strenuous program for patients 
suffering from coronary insufficiency. Second, 
a number of these anastomotic shunts throm- 
bose. Finally, if the patient does survive both 
of the operations and his shunt does remain 
patent, it is possible that high venomurolumi- 
nal shunts may enlarge and carry the blood 
more or less directly from the aorta into the 
chamber of the ventricle without being dis- 
tributed to the myocardium. Furthermore, 
there may exist an analogy with attempts at 
reversal of circulation in the leg of the dog. 
These have clearly demonstrated that the 
result is commonly the same as producing 4 
high arteriovenous fistula with a reduction, 
rather than increase, in the distal capillary 
circulation.2" It must be conceded howeve), 
that pain is reportedly alleviated followin: 
such a procedure. Finally a serious late con 
plication has been found by Beck’s group 
Postmortem studies have shown that atherom 
tous plaques have occluded the “arterializ’ 
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ye ous system” suggesting that these vessels 
mv not be able to withstand the high arterial 
‘sures. 
gain, we see substantial protection by an 
erimental procedure and successful human 
| presented by competent observers. Yet 
re remains the possibility that the mecha- 

m by which success is achieved varies from 

t intended. By studying these efforts at 

ocardial revascularization, a fascinating 

urrence of experimental and clinical findings 

evealed. Over and over for the past 20 years, 
i estigators have ligated the anterior descending 
co-onary artery in dogs and have found that 
approximately 70 per cent of the normal, ‘‘un- 
protected” animals have died. With this base 
line, a wide variety of surgical procedures have 
been carried out on experimental animals to 
bring about “protection”? against this fairly 
constant control mortality. The investigations 
have been associated with rather surprisingly 
uniform success. Not only has there been uni- 
formity in the fact that each ‘‘protective operation” 
has been reported as successful by reliable in- 
vestigators, but the incidence of that protection 
has remained the same. It its a remarkable fact 
that approximately 75 per cent of animals have 
survived ligation of the anterior descending 
coronary artery regardless of which of the diverse 
“protective” procedures was employed. Trial on 
humans suffering from angina has then been 
suggested and, generally speaking, the reports 
of human trial have been encouraging in terms 
of the relief of pain. 

The inescapable conclusion that one derives 
from these reports is that most of the operations 
are successful in a substantial number of in- 
stances and possibly, for the most part, not 
for the reasons put forward. It is conceivable 
hat intrinsic coronary collaterals, as opposed 

an external collateral coronary supply, 
ave been opened. The significant increase in 
‘oronary backflow reported by Beck,’ following 
‘sham operation” in which he went through 
steps of his second method without per- 
tting actual reversal of circulation to occur, 

ports this view. . 

\ significant contribution in this field was 

t of Burchell'' who repeated many of these 


technics directed at the production of vascular 
adhesions. He reported that small channels 
sufficient to carry water-soluble dyes could be 
produced. However, the epicardium was found 
to constitute a barrier that prevented the pene- 
tration of vascular channels of substantial 
size. The lead acetate-agar injection mass of 
Schlesinger which will enter only vessels 40 
micra or larger in diameter did not enter the 
vessels produced by any of the technics tested 
by Burchell. 


EXPERIMENTAL DATA 


It is apparent from a review of the above 
efforts that much work remains to be done to 
clarify the nature of the protective effect 
shared by these various techniques. The im- 
portance of hemorrhage, prolonged periods of 
hypotension, anoxia, even anesthesia alone 
in relieving angina need to be scrutinized. 

The work of Burchell, however, was con- 
vincing and prompted us to investige meth- 
ods of removing the epicardial barrier. At first, 
mechanical stripping was tried. While it is 
possible to remove the epicardium surgically 
from the normal dog’s heart, this method causes 
such myocardial irritability and is sufficiently 
time consuming that is seems undesirable for 
application to patients suffering from extensive 
arteriosclerosis. In human coronary insuffi- 
ciency, it seems axiomatic that direct manipula- 
tion must be as gentle and as brief as possible. 
It is presumed that a long operation will, per 
se, increase the opportunities for fall in blood 
pressure and tachycardia that reduce coronary 
flow and increase the opportunity for coronary 
thrombosis. Direct surgical stripping of the 
epicardium appeared to have both disad- 
vantages. 

Having abandoned direct surgical de- 
epicardialization, a variety of chemicals and 
irritating substances such as chlorine solutions, 
iodine solutions, trichloracetic acid, tale, bone 
dust, etc., were used. The reaction to these 
substances was either too violent at the time 
of application or too benign to destroy the 
epicardium. The fortunate combination of an 
agent that could destroy the epicardium and 
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yet not produce irritability during application 
was found in 95 per cent phenol. 

Thirty-one mongrel dogs were used in phenol 
study. After opening the pericardium, the 
surface of the left ventricle was painted with 
95 per cent phenol on a cotton swab. Only the 
left ventricle was so treated and, in order to 
standardize the technic, only a single applica- 
tion of materia! was employed. This resulted 
routinely in a graying of the epicardial surface. 
No alcohol was used to neutralize the phenol. 
In 20 of these animals Gelfoam sponges were 
placed over the phenolized area and the peri- 
‘ardium loosely closed, while in 11 one of the 
adjacent lobes of the lung was pulled in beneath 
the pericardium and sutured in this position. 
The results following these two slightly differ- 
ent modifications were essentially the same and 
will therefore be considered together. In all 
animals a strip of reactive cellophane was 
wrapped loosely about the origin of the an- 
terior descending coronary artery for the pur- 
pose of producing fibrosis which would in turn 
reduce the calibre of the vessel and create a 
need for new blood supply in the area pheno- 
lized. Histologic examination of all these 
arteries at the time of sacrifice revealed a 
failure to produce the desired narrowing of 
the vessel and, therefore, no increased demand 
for new blood supply can be assumed. Whatever 
ingrowth of vessels was found may therefore 
be considered to have occurred in the absence 
of any ischemic stimulus. 

After periods of time varying from 1 to 6 
months after phenolization the surviving 
animals were examined in one or more of the 
following four ways: 

(1) The chest was reopened and the ad- 
hesions to the myocardium dissected off. 
Both the myocardial and adhesions surfaces 
were then examined for evidence of arterial 
bleeding. In 100 per cent of animals studied 
in this manner three or more months after 
phenolization, significant arterial bleeding 
was noted as contrasted with none in those 
surviving less than three months. 

(2) Survival after ligation of the anterior 
descending coronary artery was found to be 
91 per cent, (10 out of 11) after three months; 
only one out of two survived before this time. 


(3) Histologic examination of the hearts 
after phenolization revealed that the epic.r- 
dium was selectively removed without dam: ze 
to the underlying myocardium (fig. 1). Vess -s 
of significant size could be found in the : 
hesions by this method (fig. 2) and india 
injected in these vessels revealed anastomo 
with vessels within the myocardium (fig. 

(4) The final indication of revasculari 
tion came from injecting the agar-lead ph 
phate mass of Schlesinger through these n 
vessels. This was accomplished via the corona. y 
system and demonstrated microscopic 
terioles in the adhesions. While this injecti: 
of the adhesions establishes the fact that there 


Fig. 1. Dog heart three days after application of 
95 per cent phenol. Epicarditm (above) is degenerat- 
ing. Note lack of damage to cardiac muscle (below). 


Fia. 2. Dog heart four months after phenolizatic.. 
Macroscopic vessels (central arrow) between surf: :e 
of heart and adhesions (right) are filled with Sch °- 
singer mass injected into coronary artery system. 
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iG. 3. Photomicrograph of dog heart showing 
tha: India ink in superficial vessels (right) enters 
vascular channels within the myocardium (left). 


Fic. 4. Roentgenographie evidence that blood can 
enter the coronary system after traversing the ad- 
hesions. Isolated aorta was injected with agar-lead 
phosphate and this material can be seen distributed 
within the myocardium (below). Lungs are still at- 
tached (above). 


are vessels large enough to take the Schlesinger 
mass, we are certainly not interested in how 
much blood can be supplied to the adhesions 
by the coronary arteries, but rather in how much 
cai. flow from the aorta directly into the 
myocardium through the adhesions. That this 
occurs is strongly suggested by isolating the 
mii-portion of the descending aorta with 
cla aps and then injecting this segment with 
Sci lesinger mass. The material found its way 
int. the lungs and pericardium, thence into 
th myocardium through the adhesions as 


illustrated by roentgenograms of the myo- 
cardium after stripping away the investing 
structures (fig. 4). 

As controls, three normal dogs that had not 
had the phenolization procedure had isolated 
aortic injection with the Schlesinger mass by 
an identical technique. The mass did not 
enter the coronary arteries. This would appear 
to eliminate the possibility of a false positive 
result in the experimental animals from previ- 
ously existing collateral channels. No evidence 


Fia. 5. Technic of operation. Patient in supine po- 
sition assuring optimal ventilation. Incision is in the 
fourth intercostal space. 


Fig. 6. Technic of operation. Pericardium opened 
anterior and _ posterior to phrenic nerve. Phenol 
swabbed on epicardium, avoiding coronary vessels. 
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Fic. 7. Technic of operation. Powdered tale in- 
sufflated into pericardial sac. 


Fic. 8. Technic of operation. Lingula of lung su- 
tured in place beneath pericardium as source of new 
blood supply. Pericardium left open for drainage. 


of phenol toxicity was found in any of the ani- 
mals. 

The uniform relief of anginal pain reported 
following the clinical trial of the many pro- 
cedures proposed elsewhere in the past for the 
treatment of angina pectoris fortified our hope 
that this extremely simple technique would 
also relieve pain. The experimental evidence 
suggested that significant extrinsic collateral 
blood supply might be produced and ischemia 
be relieved. The simplicity of this operation 
undoubtedly assures less risk to the patient 
than the more extensive procedures previously 
proposed.* The operation is much simpler, 
even, than palliatives such as denervation 
(figs. 5, 6). It seemed justifiable to apply the 
operation to a selected group of patients suffer- 





* Total operating time in human cases has ranged 
from only 11 to 26 minutes. 


ing from intractable angina. The irritat 
effect of powdered asbestos or talc as propo 
by Beck! and Thompson” seemed a desira 
addition (fig. 7). Finally, the encourag 
reports of Lezius suggested the application . 
the lingula of the lung to the denuded m 
cardium as a highly vascular source of 1 
blood supply (fig. 8). 


CLINICAL APPLICATION 


On Dec. 3, 1951, the first phenol de- 
cardialization and pneumonopexy was | 
formed on a 34 year old white Italian m 
(PBBH No. 9B755) who had had ang 
pectoris of severe degree for two years followin 
an electrocardiographically-documented m 
cardial infarction. At the time of operati 
he was having angina at bed rest. Followi 
operation, there wasa dramatic and immediate 
reduction in the amount of pain and almost 
complete disappearance within two weeks. 
During the next six months on restricted 
activity, there was occasional chest pain sug- 
gestive of angina but this was readily con- 
trolled by 2 or 3 nitroglycerine tablets a week. 
In less than a year, the pain had completely 
disappeared. The patient remains completely 
well except for occasional intermittent claudi- 
cation which existed preoperatively and which 
is associated with extensive calcification of the 
arteries of the legs. He has been working full 
time for two years and has a daughter born 
16 months after operation. 

Seventeen additional patients have now had 
similar operations. All but four have had 
complete relief of pain; two had a recurrence 
of some angina about two months after opera- 
tion but the pain is subsiding in one. Two 
patients in whom the operation has been less 
than completely successful have psychiatric 
problems that render evaluation of the real 
anginal residuum difficult 

In these 18 patients there have been 
operative deaths. Two, however, have dic 
within two months of the operation from fres 
coronary occlusion although they had bee 


completely relieved of pain. In both instan:es 


the patients, enjoying their first respite fr n 
pain in many months, were excessively acti: ¢. 
The experimental work would suggest ti at 
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s was before adequate collateral channels 
ild have developed. 
it is far too early to speculate about “‘re- 
scularization’” of the myocardium in the 
lividuals operated on to date. However, the 
her dramatic relief of pain and the simplicity 
the surgery without surgical mortality sug- 
sts that it is a method worthy of continued 
al. 

\ warning must be sounded concerning the 

vious futility of attempting to improve the 

iical condition of patients who have very 

tensive myocardial damage. It serves no 
-eful purpose to bring a blood supply to 
car. Contrariwise, no patients have been 
rejected from consideration for operation 
because of previous coronary occlusions. More 
than half of these patients had suffered previous 
myocardial infarction. 

At the present time, this procedure is not 
being proposed for the treatment of coronary 
insufficiency, solely as a method of increasing 
coronary arterial blood flow when angina is 
not present. If, however, the patient has 
severe angina pectoris which is unresponsive 
to medical treatment, the operation is offered 
for the relief of this distressing symptom. There 
is reason to conclude from the experimental 
data and some of the longer follow-up results 
that a substantial improvement in coronary 
blood supply may also result. This experience 
would seem to justify the further application 
of this operation in human angina pectoris. 


CONCLUSIONS 


Some of the many surgical procedures that 
have been proposed for the treatment of angina 
pectoris have been reviewed. Most of these 
operations have had a remarkably similar 
protective effect on the survival of dogs follow- 
ing ligation of the anterior descending coronary 

rtery, regardless of their nature or complexity. 

The development of extrinsic collateral 

‘culation appears to be blocked by the intact 
cardium. Removal of this epicardial barrier 
th 95 per cent phenol has permitted the 

‘elopment of anastomoses with the coronary 

erial tree that are large enough to carry 

Schlesinger mass (40 micra or larger). 
‘he operation of de-epicardialization, pou- 


drage and pneumonopexy can be carried out 
rapidly and simply without subjecting the 
patient to the hazards of a fresh coronary 
thrombosis inherent in the more complicated 
operations. In 18 persons suffering from in- 
tractable angina pectoris this operation has 
resulted in consistent relief of pain. Further 
trial of this simple, clinically effective tech- 
nique seems justified. 


SUMMARIO IN INTERLINGUA 

Es revidite alicunes del numerose procedi- 
mentos chirurgic proponite pro le tractamento 
de angina de pectore. Le majoritate de iste 
operationes ha habite remarcabilemente simile 
effectos protective super le superviventia de 
canes post ligation del descendente arteria 
coronari anterior, e isto in despecto del facto 
que il se tracta de operationes de varie typos e 
de varie grados de complexitate. 

Le disveloppamento de un extrinsec circula- 
tion collateral es apparentemente blocate per 
le epicardio si isto es intacte. Le ablation de 
iste barriera epicardial per medio de phenol a 
95 pro cento ha permittite le disveloppamento 
de anastomoses con le arbore del arteria 
coronari le quales es satis large pro portar le 
massa de Schlesinger (40 micros o plus). 

Le operation de dis-epicardialisation, im- 
pulveramento, e pneumonopexia pote esser 
effectuate simple- e rapidemente sin exponer 
le patiente al risco de un nove thrombose como 
es le caso in le plus complicate operationes. In 
18 patientes qui suffreva de formas intractabile 
de angina de pectore, iste operation ha re- 
sultate in perdurante alleviation del dolor. 
Essayos additional de iste simple e clinicamente 
efficace technica es justificate. 
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The Changes in the Intra-Arterial Pressure 
during Immersion of the Hand 


in Ice-Cold Water 


By Joun O. GopprEn, M.D., Grace M. Rorn, Pu.D. anp Epear A. Hines, Jr., M.D. 


With the Technical Assistance of Jerry F. Schlegel, B.S. 


The response of the intra-arterial pressure to the cold immersion stimulus was studied in 42 healthy 
young adults, continuous direct (arterial-pressure) recording being used. The average systolic 
elevation was 22.6 mm. Hg and the average diastolic elevation was 16.3 mm. Hg. The difference 
between direct and indirect methods of measuring blood pressure was studied in 351 simultaneous 
determinations in 35 of these young adults. The direct systolic pressure averaged 9.7 mm. Hg 
higher and the diastolic pressure was 7.3 mm. Hg lower than the indirect measurement. 


HE cold pressor test of Hines and Brown! 

has been used widely during the past 

22 years in the study of essential hyper- 
tension?® and the toxemias of pregnancy.!® ! 
Up to the present, exact knowledge of the na- 
ture and significance of the cold pressor response 
has been limited by the intermittent measure- 
ments possible with the sphygmomanometer. 
However, now that continuous direct record- 
ing of arterial pressure is established as an 
accurate and reliable laboratory procedure, 
a new tool is available for the study of the cold 
pressor test. 

The response of the intra-arterial pressure 
to the cold immersion stimulus (4 C. for 60 
seconds) was studied in 42 healthy young 
adults, continuous direct arterial pressure re- 
cording being used. The cold pressor test of 
Hines and Brown was applied repeatedly at 
short intervals, and the direct record was 
examined with regard to (1) maximal elevation 
of pressure, (2) time required to reach the 
maximal pressure and (3) time needed to re- 
turn to one half the maximal pressure (the last 
figure was taken as a measure of the recovery 
time). The difference between the direct and 
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indirect methods of measuring blood pressure 
was studied in 351 simultaneous determina- 
tions in 35 of these young adults. 


History OF THE CoLp Pressor TrEst 

In 1932, Hines and Brown! described an icewater 
immersion test (the cold pressor test) designed to 
measure individual vascular reactivity. Many 
methods of stimulation, in ‘uding electric shocks, 
loud noise, bright lights and the inflicting of pain, 
had been tried previously. However, none of these 
stimuli gave consistent results when repeated in the 
same individual. Hines, working with the late Dr. 
G. E. Brown, had observed that a- patient with cold 
sensitivity responded with a marked elevation of 
blood pressure when an extremity was immersed in 
ice water. The development and application of this 
cold pressor test are described in the following 
papers.!. 48. The test has been used since by 
others,*.°-" chiefly in the investigation of essential 
hypertension and toxemia of pregnancy. 

By 1940, Hines’ had applied this test approximately 
5,000 times in 1,856 persons, of whom 1,015 had a 
usually normal blood pressure and 841 had essential 
hypertension. In the entire group with a usually 
normal blood pressure, the mean increase was 16.2 
mm. Hg for the systolic pressure, and 13.2 mm. for 
the diastolic. The group with a usually normal blood 
pressure was divided into hyporeactors and hyper- 
reactors on the basis of a rise less than, or more than, 
20 mm. of mercury in systolic and 15 mm. in di- 
astolic blood pressure. Approximately 85 per cent of 
subjects with usually normal blood pressure fell in 
the group of hyporeactors. In 1951, Hines*® revised 
his limits of normal vascular reactivity to define 
normoreactors as those having a diastolic elevation 
between 10 and 20 mm. Hg. 

The cold pressor test rests on certain assumptions 
regarding the physiology of the cardiovascular 
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INTRA-ARTERIAL PRESSURE AND COLD IMMERSION STIMULUS 


Fig. 1. A subject, with the intra-arterial needle 
in place, during a direct arterial-pressure recording. 


system. Some of these assumptions are as follows: 

(1) The individual response to the cold stimula- 
tion, applied exactly as described by Hines, is con- 
stant to a degree suitable for use as a clinical test 
(+10 mm. Hg). 

(2) Rapid elevations of blood pressure, unassoci- 
ated with cardiac acceleration or increased cardiac 
output, are brought about by vasoconstriction which 
produces a sudden increase in peripheral resistance. 

(3) This test is a measure of vasoconstrictor re- 
sponse. The diastolic elevation to the stimulus is a 
more reliable index of vasoconstriction than the 
systolic increase. 

(4) The cold pressor test is an index of vascular 
(vasoconstrictor) reactivity. 

There is, to our knowledge, no literature on the 
response of the intra-arterial pressure to cold stimu- 
lation either in health or in disease. Hines and 
Brown! reported, from their studies using indirect 
measurement of blood pressure, that a sustained 
increase in the cold pressor response is seen only in 
persons with essential hypertension. 

This study investigates the response of intra- 
arterial blood pressure in 42 adult human subjects 
to a standard cold stimulus (the cold pressor test). 
A continuous record was made of the beat-to-beat 
changes in arterial blood pressure in 42 healthy 
young adults. The primary purpose in this project 
was to study the intra-arterial pressure response to 
cold immersion with a newer and more accurate 
technic. This approach studies the total cardio- 
vascular response as expressed in peripheral arterial 
pressure to a powerful stimulus. 


METHODS AND PROCEDURE IN THIS STUDY 


The group of 42 healthy young adults who co- 
operated in this project was unselected in any way, 
except that any person having a history or physical 
findings suggestive of cardiovascular or renal disease 
was excluded from the project. The women were 
young student nurses, all subject to pretraining and, 
thereafter, annual physical examinations. The men 


were either student nurses, hospital orderlie 
graduate physicians. The population of the pr 
is weighted in favor of young female subjects 
majority having “low normal” blood pressures 
selection was made on the basis of the respon 
the individual to the cold pressor test. 

Casual indirect blood-pressure readings obt: 
from the young adults used in this project ere 
reviewed in respect to the new standards of no ‘nal 
blood pressure proposed by Master and associa 3.2 
Almost 300 indirect measurements were made ind 
in only two isolated estimations were these |: its 
exceeded at either the systolic or diastolic le els. 
Two female subjects had indirect blood-pre 
determinations on one occasion of 130/90 and 12: /86 
respectively. The limit of normal pressure for this 
age group of Master and associates was 130/85. 

Intra-arterial pressure was conducted through 
the radial needle up a saline-filled polyethylene 
tube to the strain gauge (fig. 1). This instrument 
converts the mechanical thrust of blood pressure 
into electric energy, which moves the stylus of the 
recroder. A wash bottle filled with heparinized saline 
solution, joined in parallel with the strain gauge, 
allows the radial needle to be flushed out by ad- 
justing the three-way stopcock. The flushing of the 
adial needle with saline solution has no discernible 
effect on the intra-arterial pressure, except that it 
obliterates the direct record for three to five pressure 
pulses. An aneroid manometer was used to keep the 
pressure in the system above arterial pressure at 
all times. An ice bucket, thermometer and blood- 
pressure cuff needed for the cold pressor test com- 
pleted the equipment. 

A Sanborn polyviso multichannel recorder was 
used, inscribing simultaneously (1) the electro- 
vardiogram, (2) respiratory excursions and (3) 
direct arterial pressure. Two Statham - strain- 
gauge manometers of different sensitivities were 
needed for respiratory (10.4 pounds per square inch) 
and circulatory (0 to 15 pounds per square inch) 
pressures. (Both can be seen in fig. 2; the pulmonary 
strain gage lying beside the pillow is concealed by 
the wash bottle in fig. 1.) The method of using this 
equipment has been described by Wood, Lambert 
and Burchell.".' The same equipment was used 
and the same technic was followed throughout the 
project unless otherwise noted. 

The Sanborn recorder was allowed to “warm up” 
for 20 to 30 minutes. Each stylus had been tested 
for sensitivity and adjusted if necessary. The stylus 
recording arterial pressure was calibrated agai 
an aneroid manometer* through the range expect 
in the individual subject, that is, from the low 
diastolic pressure at rest to the highest syst: 


*This instrument has been checked repeate 
with a mercury manometer, which is the perman 
standard in the cardiac-catheterization laborat: 
of this institution. 
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ure obtained during cold stimulation. This 
ration was inscribed stepwise in increments of 
m. Hg at the beginning and end of each record. 
as later used to derive a scale card for the 
surement of the individual pulse wave in milli- 
rs of mercury. 

ich radial puncture produced a continuous 
rd of the intra-arterial pressure during the per- 
ance of three or more cold pressor tests which 
: preceded, separated and followed by 15-minute 
periods. The record contained the individual’s 
ionse, by blood-pressure alteration, to three or 
e severe stress situations (fig. 3). The records 

e later studied with regard to (1) basal pressure, 

maximal pressure obtained as a result of stimula- 

i, (3) time elapsed from stimulation to maximal 

vation in pressure and (4) time from stimulation 

one-half maximal pressure after cessation of 
sti nulus. 

\ continuous electrocardiographic tracing was 
made throughout the direct arterial-pressure record- 
ing, standard lead II being used. A short record of 
the standard leads I, II and III and the three uni- 
polar limb leads aVr, aVz and aVy was included 
at the end of the tracing. The individual QRS de- 
flections were discernible even at slow paper speeds. 

\ continuous record of the respiratory cycle was 
made, an oxygen mask connected to a pressure 
manometer being used. A large rounded wave of 
good amplitude was recorded in response to the 
pressure changes at the oral end of the airway. 
This record gave reliable evidence of the quality of 
the subject’s steady state. The details of the technic 
for recording the individual direct pressure tracing 
were largely empirical during the early stages of this 
project. There were two limiting factors, the dura- 
tion of the steady state under the conditions re- 
quired for direct recording, and the time required 
for the subject to recover from the effects of a power- 
ful vasomotor stimulus. A trial, reported below, 
was made during which 10 young adults were sub- 
jected to five cold pressor tests, at 15-minute inter- 
vals. The results of this exercise enabled us to adopt 
two postulates: (1) The subject could tolerate the 
radial needle and the discomfort of repeated cold 
inmersions for at least one hour. (2) There was no 
sivnificant difference between repeated cold pressor 
tests. 

\ standard one-hour procedure was subsequently 
adopted in which three cold pressor tests were 

ried out at 15-minute intervals. The individual 
d pressor tests in our project were recorded at 
ier 5 mm. per second or 25 mm. per second paper 
eds. The same speed was used for the basal period 
seconds before immersion), for the minute during 
nersion and for a period of 30 seconds after with- 
wal of the stimulus. All resting periods were 
ded at a speed of 1 mm. per second, which 
wed continuity to be maintained with a minimal 
enditure of record paper. 


Fic. 2. The application of the cold immersion 
stimulus. A technician (right) is immersing the 
subject’s hand and wrist in ice water. Another 


technician is observing the effect on the arterial- 
pressure tracing. 


The shape of the pressure pulse was frequently 
altered by reflected waves which appeared on the 
descending limb of the pulse wave, either distorting 
the dicrotic notch or separate from it. These reflected 
waves, which are agreed to be evidence of increased 
peripheral vasoconstriction, were followed at rapid 
paper speeds until they disappeared from the record. 
They persisted, in some cases, for several minutes, 
passing away as the blood pressure declined toward 
basal levels. 


INTERPRETATION OF THE DirREcT TRACINGS 


The response of the channel of the Sanborn 
unit which recorded arterial pressure was 
calibrated, as previously described, through the 
expected maximal range from the lowest 
diastolic to the highest systolic pressure be- 
fore and after each individual procedure. A 
scale card was constructed from these calibra- 
tions which measured the amplitude of the 
pressure pulses directly in millimeters of 
mercury (the white rectangle at the left margin 
of fig. 3). The definition of certain terms used 
in reporting the results of this study follows: 

(1) The basal pressure, systolic and dias- 
tolic, is defined as the average of all appropriate 
pressure pulses in the 20-second period just 
before immersion. The basal pressure was 
taken in the period immediately before the 
application of the cold stimulus in order to 
cancel out, as far as possible, any rise in blood 
pressure due to other causes. 

(2) The maximal pressure given is the value, 
in millimeters of mercury, of the pulse wave of 
greatest amplitude occurring during or after 
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Fig. 3. A section of a typical direct recording showing the response of the arterial pressure to 
immersion of the hand in cold water (direct arterial pressure is the lowest tracing with the calibra- 


tion in millimeters of mercury on the extreme left). 


cold immersion. Pressure pulses rising abruptly 
above the general level of their contemporary 
pulse waves and those occurring immediately 
after release of the blood-pressure cuff were 
not used. The common artifacts in the trac- 
ings were due to the brief obliteration of the 
pulse wave during simultaneous use of the 
blood-pressure cuff and, in one case, to the oc- 
casional occurrence of cardiac extrasystoles. 

(3) One-half maximal pressure is the value, 
in millimeters of mercury, of the first pressure 
pulse, occurring after maximal elevation has 
been attained, having an amplitude midway 
between that of the basal and maximal pulse 
waves. This value can be determined by simple 
arithmetic without scanning the postwith- 
drawal segment of the direct. record. However, 
the time of occurrence of this pressure was 
considered to be important in this project. 

(4) The time to maximal pressure and the 
time to half-maximal pressure are the intervals 
measured in seconds from the immersion of the 
hand in ice water to the occurrence of the ap- 
propriate pulse wave. 

There are three groups of normal subjects. 
These groups are cumulative, that is, group I 
forms part of group II and group III takes in all 
normal subjects. Group I: 10 subject each 


having five consecutive tests; Group II: 36 
subjects each with three tests and Group III: 
42 subjects with a total of 136 tests. 

Initially, 10 healthy young adults were sub- 
jected to five consecutive cold pressor tests at 
15-minute intervals to study the consistency of 
response in repeated tests. Then, an additional 
26 young adults had three consecutive cold 
pressor tests at the same interval. These in- 
dividuals and those in group I make up the 
36 subjects in group II. These two groups are 
reported together and compared in various 
ways later in the paper. Finally, the data from 
136 cold pressor tests in 42 young adults were 
combined and examined as 136 individual tests. 

A comparison of direct and indirect blood- 
pressure determinations was made in 35 of 
the 42 healthy young adults taking part in 
this project. 

A preliminary study was made to determine 
the time needed for return to resting blood 
pressure between repeated cold pressor tests. 

A group of 10 healthy young adults was 
studied, during the design of the project, to 
determine the consistency of the individual 
response to repeated immersion stimuli. It 
was important to learn if the subject retained 
his ability to respond maximally when he 
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muli were applied at short (15-minute) 
ervals, inasmuch as no information was 
ailable regarding the time needed for re- 

» very after the cold pressor test. 
Ten young adults, six men ranging from 20 
26 years of age (average 22 years) and four 
men, all 20 years of age, were each subjected 
five cold pressor tests at 15-minute intervals. 
he mean elevations in arterial pressure of each 
< ries of tests (test 1 in 10 subjects, and so 
rth) were examined statistically for the sig- 
ficance of differences between consecutive 
‘sts. These differences of means, 10 systolic 
ad 10 diastolic pairs in their various combina- 
tions, when compared, showed that the dif- 
ferences of two systolic pairs, tests 1 and 2 and 
tests 1 and 3, had borderline significance but, 
in the small sample examined, there was no 
significant difference in the diastolic responses. 
Tables 1 and 2 contain the results of this pre- 


liminary study. The data for five consecutive . 


cold pressor tests in 10 young adults are in the 
upper row of figures for tests 1, 2 and 3 and 
are the only figures presented for tests 4 and 5. 
The figures pertaining to the larger group of 36 
subjects can be disregarded at this time. The 
basal pressure of this group becomes elevated 
after test 1, the resting pressure rising 5.1 mm. 
Hg at the systolic level and 3.8 mm. at the 
diastolic level. This figure recedes toward the 
initial level in test 3 but in tests 4 and 5 begins 
to rise again, perhaps owing to fatigue and the 
discomfort of the procedure. 

The maximal systolic pressures obtained 
after cold immersion show elevations ranging 
from 23.0 to 30.2 mm. Hg. These elevations 
are partly due to the contribution of two sub- 
jects who had marked pressor responses of 58 
and 49 mm. of mercury (average of four tests). 
‘he diastolic responses are similar to the sys- 
tolic except that all pressures are higher in 
(est 5 than in the preceding tests. 

The mean rise in arterial pressure following 

old immersion shows a marked decrease in 
‘ressor response after the first test, especially 
t the systolic level. The successive mean 
-ystolic elevations above the basal level be- 
inning with test 2 are respectively 7.2 mm., 
4 mm., 4.9 mm. and 2.0 mm. less than the 
rstolic elevation in test 1. The diastolic eleva- 


TaBLE 1.—Results of Consecutive Cold Pressor Tests 
in Young Adults: Systolic Pressures 

| | 

Test | Sub- 


Number | jects 


Elevation 


i 
Basal | Maximal 





Mean* | sD. | Mean* | S.D.| Mean* | S.D. 
| | 


10 l115.5:42.2 | 7.0 |145.7-43.7 | 11.7 |30.2+2.6) 8.3 
36 |113.6+1.58) 9.5 |139.042.4 | 14.5 |25.4-+1.8| 10.7 
10 |120.642.8 | 8.7 |143.643.3 | 10.6 |23.0+1.6) 5.1 


| 36 115.71. 11.5 |136.142.4 | 14.6 |20.441.4| 8.1 
| 


36 |115.8+1.75) 10.5 |135.8+0.47| 2.8 |20.041.8| 10.7 
4 10 |118.7+2. 7.5 |144.043.9 | 12.3 [25.3:42.3 7.4 
5 10 [119. 72.67 8.4 |147.9+4.1 | 12.9 }28.2+3.1| 9.7 


9 

10 |117.941.8 | 5.6 |143.743.6 | 11.5 |25.842.9| 9.0 
7 
4 


* The figure after the + sign is the standard error of the mean. 


TaBLE 2—Results of Consecutive Cold Pressor Tests 
in Young Adults: Diastolic Pressures 


Test Basal Maximal Elevation 


Number Subjects 


Mean* | S.D. | Mean* 


| S.D. | Mean* | S.D. 


10 |57.641.8| 5.7 |75.842.5| 8.0 |18.242.6| 8.3 
36 |59.5-41.3| 7.8 |76. 7| 16.3 |16.5-+1.4] 8.6 
10 |61.4-41.9] 6.0 |77.0+2.7| 8.4 |15.641.3| 4.0 
36 = |60.71.7| 10.4 |76.541.6| 9.7 |15.941.0| 5.9 
10 |59.6+0.7| 2.3 |77.$42.5| 8.0 |18.241.7| 5.4 
36 = (61.4-1.3] 7.6 |76.8+2.0| 12.2 |15.4+1.4| 8.2 
4 10 60.9-1.5| 4.8 |78.742.7| 8.6 |17.8+2.0] 6.3 
5 10 |63.1-41.4 32.3+3.2| 10.0 |19.2+2.5| 8.0 


* The figure after the + sign is the standard error of the mean. 


tions in tests 2, 3 and 4 are 2.6 mm.; 0 mm. and 
0.4 mm. less than the diastolic elevation in 
test 1, while the diastolic elevation in test 5 
is 1.0 mm. greater than that in test 1. The 
decrease is due, in large part, to the elevation 
in basal pressure which occurs when the sub- 
ject is introduced to the painful experience of 
cold immersion. 

The results of this preliminary study make 
certain conclusions possible (see below). How- 
ever, such conclusions rest on several assump- 
tions: (1) The pretest basal pressure is very 
close to the patient’s resting blood pressure. 
(2) The subject will respond maximally to 
each immersion stimulus. (3) No other potent 
vasomotor stimuli are operating during the 
procedure. 


CONCLUSIONS FROM THE PRELIMINARY STUDY 


(1) A consistent response is obtained when 
the cold immersion stimulus is applied re- 
peatedly to the same individual. 

(2) There is a noticeable elevation in the 
basal pressure after the individual has been 
subjected to the first cold pressor test. This is 
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TABLE 3.—Response of Intra-arterial Pressure to a Cold Stimulus in 42 Young Adults 


Pressures, 


Systolic Diastolic 
mm. of mercury - 


Basal ‘ i a8: 1 22 97-138 | 60. 23 ’ | 48-83 
136 115. | 10.03 | 90-140 | 60.5 ; | 48-84 
Maximal | 49 137.8 + 2. | 14.0 | 121-171 78.4 |. 908 | 61-99 
136 138. : 12.25 | 104-177 a9: 88 | 3 60-111 
Rise in pressure 42 24. ‘ 10.2 8-49 18. 2 8. 4-36 
136 | 22. 46 5.34 | 4-58 16.5 


S.D. | Range Range 


* The figure after the + sign is the standard error of the mean. 


less marked at the diastolic level than at the The data provided by these young adults oe 
systolic level. presented as single tests in each individu |, 
(3) This elevation in the basal pressure after also as 136 tests in 42 subjects. In clinical 
the first cold immersion accounts, in large medicine the cold immersion stimulus is used 
part at least, for the reduction in pressor as a single test (the cold pressor test) to es! i- 
response of subsequent tests. mate vascular reactivity. The response of these 
(4) There is no evidence in this data that 42 young adults to single tests is reported be- 
“cold adaptation,” as described by Wolf and cause such traetment is directly comparable 
Hardy,'® takes place in the human subject with clinical results. Multiple tests in this 
when the time of immersion is limited to 1 group were examined to accumulate data on 
minute. the response of healthy subjects to the cold 
(5) There is probably a limit in each individ- immersion stimulus. The basal pressures ob- 
ual to the maintenance of the steady state. tained from the 42 subjects in the two groups 
of tests show close resemblance. The mean 
systolic level in the first tests is 2.1 mm. Hg 
lower and at the diastolic level 0.5 mm. lower 
This group consists of the 10 subjects in the than the values in the multiple tests. The range 
first group and 26 other subjects. There were of blood pressures from which these samples 
nine men, aged 20 to 32 years (average 23.7 were drawn is quite wide, but only one subject 
years) and 27 women, aged 18 to 25 years was at the upper limit of the range of the 
(average 20.2 years). The findings in these normal population by the standards of Master 
healthy young adults are presented, along and associates.'? This female subject, referred 
with those in group I, in tables 1 and 2. The to above, had an indirect blood-pressure de- 
smaller number of repeated tests (three con- termination of 130/90, while the limit of Master 
secutive tests at 15-minute intervals) in the and associates for this group is 130/85. 
larger group seems to give a more accurate The maximal pressures are shown for the 
estimation of the true pressor response in two groups immediately below the basal pres- 
young adults. The diastolic pressor response in sures. The data for 42 and 136 tests show very 
test 1 in each group was 18.2 (group I) and close correlation. The mean elevation in pres- 
16.5 mm. Hg (group II). sure (“rise’’) recorded in these subjects afte: 
cold immersion varies in a wide range from 4 
to 58 mm. Hg at the systolic level and from 
4 to 42 mm. at the diastolic level. The mean 
The response of the intra-arterial pressure rise in these individuals, either in single or in 
of 42 healthy young adults to cold stimulation multiple tests, is of considerable magnitude, 
is presented in table 3. This group was made that is, systolic elevations of 24.4 and 22.( 
up of nine men, aged 20 to 32 years (average mm. Hg and diastolic increases of 18.5 and 
23.7 years), and 33 women, aged 18 to 32 years 16.3 mm. respectively. The standard error oi 
(average 20.6 years). the mean and the standard deviation of the 


Group II: Mopirtep Stupy or REPEATED 
Tests oN 36 YounG ADULTS 


RESULTS OF THE STUDY OF THE ENTIRE GROUP 
oF HreALtHy YouNnG ADULTS 
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TaB.LE 4.—Time Required for Maximal and Half-maximal Response to a Cold Stimulus in 42 Young Adults 


Tests 


| 
i a 
| Mean* 


Systolic 


969 


Diastolic 





| 42 


136 | 
42 | 
136 | 


| 


55.9 + 2.44 
56.0 + 1.27 
68.8 + 2.95 
67.4 + 1.29 


met to maximal pressure 
imet to 144-maximal pressure 


| 
| 
| 


| 


* The figure after the + sign is the standard error of the mean. 


+ Time in seconds after immersion. 


ger group of tests are definitely smaller 
ian those of the 42 tests, suggesting that the 
irger group is approaching the true mean. 

The time, in seconds after immersion, taken 
io reach the maximal elevation in pressure is 
shown in the upper half of table 4. The time 
taken to pass through the maximal elevation 
and reach a value of one-half maximal pressure 
is shown in the lower half of the table. This 
one-half maximal time is measured in seconds 
from the moment of immersion of the hand in 
ice water. The results in the two groups of 
tests are very similar. The range of response 
times and the significance of these results will 
be discussed with the graphs of distribution. 


ELEVATION OF ARTERIAL PRESSURE 
FOLLOWING CoLp IMMERSION 


MEAN 


The distribution of the elevation of intra- 
arterial pressure in 136 cold pressor tests on 42 
young adults is shown in figure 4. The average 
pressor responses for the entire 136 tests are 
indicated by vertical arrows at the top of the 
graph. Sixty-two per cent of the systolic eleva- 
tions lie between 15 mm. and 30 mm. Hg, 86 
per cent of the group had responses less than 
30 mm. and 98 per cent were less than 40 mm. 
for the diastolic response, 78 per cent of the 
elevations lie between 10 mm. and 30 mm. Hg, 
and 98 per cent of the elevations were less 
than 30 mm. Hg. These data were also plotted 
es the logarithm of the values for pressure 
elevation but the contour of the graph did not 
change significantly. This logarithmic graph 
i» not shown here. 

The pressor responses, both systolic and 
‘iastolic, group themselves around a major 
}cak at about 13 mm. Hg and a minor peak 
©: the level of 26 mm. Hg. The data of cold 
| fessor responses on many thousands of young 


23mm /Hg.av. 
systolic rise 


« = 2s = = 
Elevation in mm/Hg after immersion 


Fie. 4. Percentage distribution of the elevation of 
systolic and diastolic intra-arterial pressure following 
cold immersion (mean values from 136 tests in 42 
young adults). 


Av time to syst. 
Av. time to diast. max. 36 Sec. 
max. 54 sec s2 
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Fic. 5. Percentage distribution of the time re- 
quired to reach maximal systolic and diastolic pres- 
sure after cold immersion (mean values of 136 tests 
in 42 young adults). 


subjects might show that, in respect to the 
cold pressor test, there are two or more ‘‘kinds”’ 
of individuals. 


TIME FROM IMMERSION TO MAXIMAL ELEVA- 
TION OF PRESSURE 


The time, in seconds, from immersion to 
maximal elevation of pressure in 136 cold 
pressor tests on these 42 young adults is shown 
in figure 5. The times to maximum, at the 
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Fic. 6. Percentage distribution of the time re- 
quired to reach one half the maximal systolic and 
diastolic pressure after cold immersion (data from 
136 tests in 42 young adults). 


systolic level, are concentrated so that 80 per 
cent of the group lie between 50 and 70 sec- 
onds after immersion. The entire group had the 
highest elevation before 80 seconds, that is, 
within 20 seconds after stimulation was with- 
drawn. The times to diastolic maximum are 
almost identically grouped; 79 per cent of the 
responses, at this level, fall between 50 and 70 
seconds after immersion. One hundred per cent 
of the diastolic rises are completed within 80 
seconds of the application of stimulation. 

The principal feature of figure 5 is the 
promptness of the pressor response and the 
narrow limits of the reaction times in these 
individuals. The mean response times are 
shown at the top of the graph by vertical ar- 
rows. 


TIME FROM IMMERSION TO ONE-HALF 
MAXIMAL PRESSURE 


The time, in seconds, from immersion to the 
occurrence of one half the maximal pressure in 
42 young adults is shown in figure 6. The half- 
maximal time is a measure of the time required, 
by the vasomotor system, for recovery from 
the cold immersion stimulus. The time of return 
to basal pressure is very difficult to determine 
with precision because the blood pressure is 
continually changing. The half-maximal time 
marks the moment when much of the pressor 
effect has passed off and the arterial pressure 
has declined midway to its resting level. 

The principal feature in figure 6 is, as in 
figure 5, the promptness with which the 
vasomotor system readjusts to the pressor 


stimulus. The pressor response is a definite but 
a transient phenomenon. At the systolic leve 
72 per cent of the group had passed fron 
maximal pressure to half-maximal pressur 
within 20 seconds, that is, between 60 and 8 
seconds. Within the same short period, 81 px 
cent of the diastolic pressures declined from tl 
greatest elevation midway to the basal leve 
Within 50 seconds of the cessation of th 
stimulus, the systolic pressures of the enti: 
group had reached the half-maximal point an: 
10 seconds earlier, all the diastolic pressure 
had completed this part of the recovery. 

The mean systolic and diastolic half-maxim: 
times are shown by vertical arrows at the to; 
of the graph. 


ELECTROCARDIOGRAPHIC CHANGES DURING 
Cop IMMERSION 


Electrocardiographic changes were limited 
to transient conduction disturbances (sinus 
arrhythmia) and, in one case, occasional nodal 
extrasystoles. These changes were associated 
with distortion of the concurrent pulse wave 
but did not cause a persistent change in the 
amplitude of the pressure pulse. 


COMPARISON OF THE SIMULTANEOUS DIRECT- 
InpIRECT BLoop-PRESSURE MEASUREMENTS 


In this study, the direct arterial pressure was 
recorded from the right radial artery and the 
indirect arterial pressure was estimated over 
the right brachial artery. The error introduced 
by this arrangement can be estimated by 
examining the comparative values for direct 
brachial and radial arterial pressures as the 
percentage of central (arterial) pressure ac- 
cording to Kroeker'® given in table 5. These 
are average values from 12 normal subjects, 
the central pressure being measured in the 
aorta near the arch or in the left subclavian 
artery near its origin from the aorta. Therefore, 


TaBLeE 5.—Direct Brachial and Radial Arterial Pres- 
sures as Percentage of Central Arterial Pressure 
(From Kroeker) 





Systolic | 


Diastolic Mean 


Brachial 109 98 
Radial 112 
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T vie 6—Difference Between Simultaneous Direct and Indirect Blood-Pressure Determinations in 35 Young Adults 


i Systolic 
Pressure, | fas seen 7 
um. of mercury ae 


tions Mean* | S.D. 


+9.74 + 0.6i 10.4 
+16.2 +1.3 10.2 


* The figure after the + sign is the standard error of the mean. 


: the purpose of the direct-indirect compari- 
n discussed below, direct brachial and radial 
essures are almost identical. 

Simultaneous direct and indirect blood-pres- 
sare determinations were compared in 35 of 
tie 42 young adults taking part in this study. 

This comparison was made possible by a 
compromise between the demands of the two 
technics. When the recording needle lies in the 
right radial artery and the blood-pressure cuff 
is inflated on the right upper arm, both needle 
and cuff cannot record the arterial pressure 
at the same time. The period of immersion in 
ice water was divided in the following manner: 
the technician, who carried out all the indirect 
pressure determinations, was instructed to 
make her estimations in the period between 20 
seconds and 50 seconds after immersion. The 
direct maximal pressure was then identified in 
the period after the 50-second interval. 

The recommendations of the Committee on 
Standardization of Blood Pressure Readings 
of the American Heart Association” were fol- 
lowed in these indirect pressure determinations. 
The technician had used the muffling of sounds 
as the indication of diastolic blood pressure 
for many years in the peripheral vascular 
laboratory of this institution. This criterion 
was used during this project. During the rest- 
ing or basal period of the direct arterial-pres- 
sure recordings 289 paired estimations were 
made and 62 direct-indirect comparisons were 
obtained at the maximal elevation of pressure, 
following cold immersion. Table 6 shows the 
cifference between these simultaneous deter- 

unations but gives no direct information 
-bout the original pressures which were com- 
rared to devise these data. 

The reference point in these comparisons 

‘ always the direct arterial-pressure estima- 
on, that is, +9.7 means that the direct pres- 
ire was 9.7 mm. Hg higher than the simul- 


| 
| 
i | 7 
—18 to 34 —7.28 + 0.48 | —31 to 20 
—7 to 40 


Diastolic 


Range Mean* | S$.D. | Range 





8.2 
—11.1 + 1.08 8.6 


—25 to 9 


taneous indirect determination. When the 
range of pressures from which the mean pres- 
sure was derived is quoted, —18 means that 
the lowest direct estimation was 18 mm. Hg 
less than its simultaneous indirect estimation, 
and +34 means that the direct pressure was 
34 mm. of mercury greater than the indirect 
pressure. The first part of table 6 shows that 
when simultaneous pressure determinations 
are made with these two methods, the direct 
systolic pressure will be, on the average, 9.7 
mm. Hg higher than the indirect systolic es- 
timation. 

At the other level, the direct diastolic 
pressure will be 7.3 mm. Hg less than the in- 
direct diastolic figure. The direct arterial-pulse 
pressure is, on the average, 17 mm. of mercury 
greater than the indirect measure of the sys- 
tolic-diastolic difference. 

The difference between the two methods is 
definitely increased when the maximal pres- 
sures after cold stimulation are compared. 
Dameshek and Loman! found that the in- 
direct error increases as the pulse pressure in- 
creases. In a smaller group of paired estima- 
tions at the level of maximal pressor response, 
the direct systolic pressure was, on the average, 
16 mm. Hg higher than the indirect result. The 
direct diastolic estimation was 11 mm. Hg 
lower than the diastolic pressure recorded with 
the cuff at the same instant. The comparisons 
at the moment of maximal pressor response are 
not absolutely simultaneous: the operator 
using the cuff was directed to make her meas- 
urements between 20 and 50 seconds of the 
minute after immersion. The direct maximal 
pressor response was measured after 50 seconds. 

A comparison of the difference between 
direct and indirect blood-pressure determina- 
tions in these 35 healthy young adults with the 
data from a similar simultaneous examination 
made by Roberts and associates" on 30 elderly 
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7.—Difference Between Simultaneous Direct and Indirect Blood-Pressure Determinations in 30 Elderl. 


Paired 
Authors Persons | read- 
ings 


Mean* 


Roberts 1953 30 30 
This paper 35 | 289 


Brachial 
Radial 


Patients and 35 Young Adults 


+3.2 + 2.8 | 15.4 | —28 to 24 
+9.7 + 0.61| 10.4 | —18 to 34 


Systolic Diastolic 


S.D. Range Mean* S.D. 


Range 


—3.14 1.6 | 9.0 | —24 to 12 
—7.3 + 0.48 | 8.2 | —31 to 21 





* The figure after the + sign is the standard error of the mean. 


male patients in a veterans’ hospital is pre- 
sented in table 7. As far as can be determined, 
Roberts and associates used the same recording 
equipment and a technic similar to that used 
in this project except that they recorded the 
direct arterial pressure at the brachial artery. 
The data on the comparison of radial and 
brachial arterial pressure, given by Kroeker 
and referred to in table 5, lead us to believe 
that the brachial recording of Roberts and 
associates and the present radial recording can 
be compared without serious error. The upper 
row of table 7 displays the results of simul- 
taneous blood-pressure determinations in 30 
elderly patients. The lower row of figures re- 
peats the results of the comparison made in 
this present study. The plus and minus values 
have the same significance in this table as in 
table 6. 


SUMMARY 


The response of the intra-arterial pressure 
to the cold immersion stimulus was studied in 
42 healthy young adults, continuous direct 
(arterial-pressure) recording being used. The 
difference between direct and indirect methods 
of measuring blood pressure was studied in 
351 simultaneous determinations in 35 of 
these young adults. The results of this study 
are as follows: 

(1) These subjects responded to a cold 
stimulus with a prompt, and usually marked, 
elevation of arterial pressure. The response is 
described as “prompt”? because 94 per cent of 
the subjects reached maximal systolic eleva- 
tion between 40 and 70 seconds after immersion 
and 96 per cent of the group reached maximal 
diastolic elevation in this 30-second period. 
The elevation was marked in most cases ex- 
cept for two subjects who had responses of 
less than 5 mm. Hg. The average systolic 


elevation was 22.6 mm. and the average dia 
tolic elevation was 16.3 mm. Hg. 

(2) These subjects responded in a consiste) 
manner to repeated cold pressor tests carrik 
out at short (15-minute) intervals. When | 
subjects underwent five consecutive test 
there was a borderline significance in the di 
ferences between tests 1 and 2 and also betwee 
tests 1 and 3, at the systolic level. There was no 
significant difference in the responses to the 
five consecutive tests at the diastolic level. 

(3) The recovery from the effects of the cold 
immersion stimulus is rapid, as assessed by 
measure of the time from application of the 
stimulus to return of the arterial pressure to 
the half-maximal pressure. 

(4) The differences between simultaneous 
direct and indirect blood-pressure determina- 
tions in 35 young adults were as follows: the 
direct basal systolic pressure averaged 9.7 mm. 
Hg higher than the indirect systolic pressure; 
the direct basal diastolic reading was lower, on 
the average, by 7.3 mm. Hg. The difference 
between the two methods was increased when 
the comparison was made at the moment of 
maximal pressor response. At this time, the 
direct systolic pressure was, on the average, 
16.2 mm. Hg higher than the indirect systolic 
pressure. At the diastolic level the direct 
pressure determination was 11.1 mm. Hg lower 
than the indirect measure. Thus, the pulse 
pressure determined directly was 27.3 mm. Hg 
wider than the indirect pulse pressure. 


SUMMARIO IN INTERLINGUA 


Le responsa del pression intra-arterial a! 
stimulo de immersion algide esseva studiate i 
42 juvene adultos normal. Le methodo usat 
esseva le continue directe registration de’ 
pression arterial. Le elevation systolic media: 
esseva 22,6 mm Hg; le elevation diastoli 
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n -dian esseva 16,3 mm Hg. Le differentias inter 
\. directe e le indirecte methodo de mesurar le 
rvession sanguinee esseva studiate in 35 del 
r esme juvene adultos. Esseva executate 351 
( terminationes simultanee con le duo metho- 
(s. Le valor median del pression systolic 
< cundo le methodo directe esseva 9,7 mm Hg 
: us alte que secundo le methodo indirecte. 
e valor median del pression diastolic secundo 
methodo directe esseva 7,3 mm Hg plus 

i asse que secundo le methodo indirecte. 
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Reactivity to Pressor Agents in Hypertensior 


By Austin E. Doyiz, M.D., M.R.C.P. Aanp Harotp Buiack, M.B.(N.Z.), M.R.A.C.P. 


The pressor responses to intravenous injections of angiotonin and s-methyl iso-thiourea have 
been studied in 50 hypertensive subjects and 20 normotensive controls. The rises of blood pressure 
in the two groups were similar, being but slightly greater in the hypertensives. After the blood 
pressure has been reduced with hexamethonium, however, the pressor responses to angiotonin, s- 
methyl iso-thiourea and noradrenaline are much greater in hypertensives than normotensive sub- 
jects. The responses under these conditions to all three pressor agents run parallel to each other, 
suggesting that there is no specific increase in reactivity in hypertensive subjects, either to angio- 
tonin or noradrenaline. It has been concluded that there is evidence of increased reactivity to 
pressor substances in hypertensive subjects but that this is not demonstrable until the blood 
pressure control mechanisms have been inactivated by hexamethonium. 


T IS generally agreed that in human 

hypertension the blood pressure rise is due 

to an abnormally high peripheral re- 
sistance, the result of constriction of the 
arterioles While some workers believe that the 
arteriolar constriction is predominantly due to 
an overaction of the sympathetic nervous 
system, others hold the view that it is the re- 
sult of the presence of a circulatory pressor 
substance. 

The demonstration by Goldblatt! that ex- 
perimental renal ischemia leads to hyper- 
tension was followed by the isolation of a 
pressor substance which was named angiotonin 
by Page and Helmer? and hypertensin by 
Braun-Menendez and associates.’ Angiotonin 
produces vascular constriction by a direct 
action on the muscle of blood vessels,‘ and 
would seem to be a substance capable of pro- 
ducing a rise of blood pressure like that which 
occurs in human hypertension. 

Direct evidence that angiotonin is responsi- 
ble for some of the blood pressure rise in hyper- 
tension depends on the demonstration that the 
substance is present in the blood of hyper- 
tensive subjects. Kahn and his co-workers® 
have reported that the concentrations of an- 
giotonin in the blood of patients with malig- 
nant hypertension are approximately 20 times 
as great as in the blood of normal control sub- 
jects. The same workers found that in non- 
malignant essential hypertension the angio- 
tonin concentration, although slightly greater 


From the Department of Medicine, Otago Univer- 
sity Medical School, Dunedin, New Zealand. 


than in the controls, was too small to allo 
conclusions to be drawn as to its effectiveness 
in producing the vasoconstriction in these 
patients. 

The further possibility remains, however, 
that hypertensive subjects might react more 
vigorously than normals to this substance. If 
this were so, a normal or slightly raised amount 
of circulating angiotonin might produce a 
larger rise of blood pressure in the hypertensive 
than in the normotensive subject. The action of 
angiotonin in normotensive man has been de- 
scribed by Bradley and Parker® and Wilkins 
and Duncan’? but except for the report of 
Gregory and his colleagues,* who studied the 
effects of angiotonin in hypertensive subjects 
after spinal anesthesia, we have found no 
reference to its administration to hypertensive 
patients. 

The possibility, moreover, that the blood 
vessels of hypertensive subjects are unusually 
sensitive to many pressor stimuli has been 
extensively studied in man and in animals, 
using both chemical and nervous stimulation. 
In man, the cold pressor test was found by 
Hines and Brown? to produce larger responses 
in hypertensive subjects and in subjects sus- 
ceptible to hypertension, than in normotensive 
subjects. Reports of other workers, however, 
have conflicted with these findings. Alam and 
Smirk’? found that while large pressor re- 
sponses to cold and to the reflex from voluntary 
muscle were more common in cases of essentia' 
hypertension than in normal subjects, yet in 
many cases of hypertension the response was n¢ 
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reater than in some normal subjects. Russek 
nd Zohman" reported similar results with the 
‘old pressor test, but Pickering and Kissin” 
‘ould find no difference in the responses to cold 
n the hypertensive and normotensive groups. 

The responses to chemical stimuli have also 
heen extensively examined. Clough" found that 
in hypertensive subjects the rises of blood 
yressure produced by adrenaline were much 
ereater than those in normal subjects. Lian, 
Stoicesco and Vidrasco“ found that the vas- 
cular reactions produced by adrenaline, and 
other stimuli, were greater in hypertensives 
than in normals. Goldenberg and his co- 
workers! reported that hypertensive patients 
had similarly exaggerated pressor responses to 
noradrenaline, whilst Raab'® has reported that 
a much greater rise in blood pressure occurs in 
hypertensive subjects than in normals after the 
inhalation of carbon dioxide. In contrast to 
these findings, however, many workers have 
reported similar pressor responses in hyper- 
tensive and normotensive subjects. Fatheree 
and Hines'? noted no distinct difference in the 
response of hypertensive and normotensive 
subjects to adrenaline and similar results were 
reported by Gordon and Levitt'® and by 
Judson and associates.!* 2° Page * has re- 
ported that angiotonin produces similar rises of 
blood pressure in renal hypertensive dogs and 
in normal dogs. 

It seems that the evidence concerning the 
pressor reactivity in hypertensive and normo- 
tensive subjects is conflicting; while some have 
found exaggerated pressor responses in hyper- 
tensives, many others have found similar 
responses in the two groups. This may be due 
to the fact tha: investigation of this problem is 
complicated by the fact that the different 
starting levels of the blood pressure may 
themselves determine differences in the degree 
to which hypertensives and normotensives 
respond to various stimuli. In addition, the 
extent to which the homeostatic regulatory 
mechanisms oppose rises of pressure from 
pressor stimuli may not have precisely the 
same effects in hypertensives as they have in 
normotensives. 

We report here a comparison of the pressor 


effects of angiotonin in hypertensive and 
normotensive subjects. A comparison of the 
pressor effects of angiotonin and the effects 
of noradrenaline and the synthetic pressor 
agent s-methyl zso-thiourea has also been 
made in the two groups. The observations have 
been made under standard conditions, and 
also after ganglionic blockade with hex- 
amethonium. The preliminary administration 
of hexamethonium has the advantage that it 
not only renders the starting levels of the blood 
pressure more nearly comparable, but it also 
minimises interference from the homeostatic 
blood pressure control mechanisms. Some 
observations have also been made after the 
blood pressure had been reduced by veratrum 
alkaloids. 


METHODS 


Blood pressures were recorded by the ausculta- 
tory method, in accordance with the recommenda- 
tions of the Committee for the Standardization of 
Blood Pressure Readings of the American Heart 
Association and the British Cardiac Society (1939). 

The subjects were recumbent in a quiet room. 
The blood pressure was measured every 30 seconds 
by one of us. After a preliminary period of about 
10 minutes, a needle was introduced into the 
median basilic vein in the other arm, and a slow 
infusion of 5 per cent glucose was commenced. 
After this, injections were made through a three- 
way tap. These were given without the patient’s 
knowledge of the nature of the injection. Occasional 
dummy injections of 5 per cent glucose were given 
to exclude pressor responses other than those at- 
tributable to the pressor agent being studied. 

In the experiments in which hexamethonium was 
used 20 mg. of hexamethonium was injected every 
three minutes, until two successive doses produced 
no further fall in blood pressure. When the vera- 
trum alkaloids were used 0.5 mg. of Veriloid (Riker) 
was given at two-minute intervals until premoni- 
tory toxic symptoms were reported, or until the 
blood pressure had reached a near normal level. 

The doses used were: angiotonin 5 units, nor- 
adrenaline 2 wg. and s-methyl iso-thiourea 50 mg. 

Selection of patients: The hypertensive subjects 
were selected from those attending the hyperten- 
sive clinic. All had casual blood pressures con- 
sistently higher than 180/100 mm. Hg. A normo- 
tensive group of similar age was selected from 
surgical patients awaiting operation, or from 
healthy normotensive volunteers. In this group the 


casual blood pressures were consistently below 
150/90 mm. Hg. 





REACTIVITY TO PRESSOR AGENTS IN HYPERTENSION 


RESULTS 


(1) Effects of Angiotonin in Hypertensive and 
Normotensive subjects 


The rises of blood pressure produced by 
angiotonin were examined in 50 hypertensive 
subjects and in 20 normotensive controls (fig. 
1). Repeated injections of the same dose to 
individual patients on the same day and on 
different days produced similar rises of blood 
pressure. The average rise of blood pressure in 
the hypertensive group was 26/20 mm. Hg; 
the average rise in the control group was 20/16 
mm. Hg. 
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Fig. 1. The rise in systolic blood pressure in re- 
sponse to the intravenous injection of 5 units of 
angiotonin in 50 hypertensive subjects (solid circles) 
and 20 normotensive subjects (open circles). 


The duration of the pressor effect was 
substantially the same in the two groups, the 
average duration being five minutes in each 
group. 

In agreement with the findings of most other 
workers, the pulse slowed in most of the 
normotensive group, the slowing on occasion 
being pronounced. There was, however, no 
striking alteration in the pulse rate in the 
hypertensive group. 

Most of the hypertensive subjects had 
essential hypertension. Four had hypertension 
associated with manifest renal disease, 8 had 
hypertension which was thought to have 
followed a pre-eclamptic toxemia of preg- 


nancy and one had coarctation of the aorta 
No striking differences were noted either in th 
size of the blood pressure rise or in the duratio 
of the response in these various groups o 
patients. 


(2) Effects of S-Methyl Iso-Thiourea in Norm 
tensive and Hypertensive Subjects 


Ten of the subjects who had been tested wit 
angiotonin were subsequently given injection 
of s-methyl zso-thiourea. Of the subjects e) 
amined, five were hypertensive and_fiv 
normotensive. The subjects were selected be 
cause they had shown extreme variation in th 
pressor response to angiotonin. Although th 
effects of 50 mg. of s-methyl zso-thiourea wer: 
usually greater than the effects of 5 units o 
angiotonin, the responses of the individua 
patients to the two drugs were otherwis 
similar, in the sense that those who exhibitec 
large rises of blood pressure with one substance 
also had large rises of blood pressure with the 
other, whilst those in whom the pressor effects 
of one were slight similarly showed smaller 
responses to the other drug. 


(3) Effects of Angiotonin in Hypertensive and 
Normotensive Subjects after Ganglionic 
Block with Hexamethonium 


Seventeen hypertensive subjects and 17 
normotensive subjects were tested with angio- 
tonin after the blood pressure had been re- 
duced by large intravenous doses of hexa- 
methonium. Repeated doses of hexamethonium 
were given, and when an apparently stable level 
of blood pressure had been reached, the 
angiotonin was injected. The results are shown 
in figure 2. The pressor response was now much 
greater in the hypertensive group than in the 
normotensive group. The average rise of blood 
pressure in the hypertensive subjects was 
45/32 mm. Hg as compared with 22/18 mm. 
Hg for the control group under the same con- 
ditions. The responses in the hypertensive 
group were almost doubled by ganglionic block, 
whereas in the control group the augmentation 
of the pressor response produced by hexa 
methonium was usually much smaller. The 
extent to which the blood pressure of the hyper- 
tensive subjects fell after hexamethonium did 
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ot seem to be an important factor in de- 
t-rymining the degree to which the pressor 
sponse was augmented, for both those with 
rge falls of blood pressure with hex- 
methonium and those with small falls had 
milarly augmented pressor responses. There 
as less individual variation in the response to 
ngiotonin after ganglionic block than under 
ontrol conditions, but some variation in the 
esponse was still found. 


SYSTOLIC 


INITIAL 


20 40 eo 80 
RISE IN SYSTOLIC BP (mm Hg) 


Fig. 2. The rise in systolic blood pressure in re- 
sponse to the intravenous injection of 5 units of 
angiotonin in 17 hypertensive subjects (solid circles) 
and 17 normotensive subjects (open circles) after 
ganglionic blockade with hexamethonium. For detail 
see text. 


(4) Comparison of the Effects of Angiotonin, 
Noradrenaline and S-Methyl Iso-Thiourea 
after Ganglionic Block 


The pressor responses to angiotonin, nor- 
adrenaline and the synthetic pressor agent, s- 
methyl zso-thiourea, were compared in 20 
subjects, 13 hypertensive and 7 normotensive, 
after hexamethonium had been given. The 
subjects were selected because of the wide 
variation in their previous responses to an- 
giotonin under similar conditions. The results 
are shown in figures 3 and 4. It is clear that 
the sensitivity to the three substances runs 
parallel, for those with large responses to 
angiotonin also had large responses to the 
other substances tested. It is also clear that 
the pressor responses to all three substances 
ire consistently greater in the hypertensive 
zroup than in the normotensive. 


(5) Effect of Angiotonin after Administration of 
Veratrum in Hypertensive Subjects 


In 10 hypertensive subjects, the blood pres- 
sure was reduced to near normal levels by the 
intravenous administration of Veriloid, an 
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Fic. 3. Comparison of the pressor responses to 
5 units of angiotonin and 2 yg. of noradrenaline in 13 
hypertensive subjects (solid circles) and 7 normo- 
tensive subjects (open circles) after ganglionic block- 
ade with hexamethonium. 
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Fic. 4. Comparison of the pressor responses to 5 
units of angiotonin and 50 mg. of s-methyl iso- 
thiourea in 13 hypertensive subjects (solid circles) 
and 7 normotensive subjects (open circles) after 
ganglionic blockade with hexamethonium. 


alkaloidal extract of veratrum viride. After 
the blood pressure had been so reduced, the 
pressor response to angiotonin was studied. 
The responses were similar to those obtained 
after hexamethonium, the average response 
being 51/31 mm. Hg. The pressor responses 
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were greater in all the patients after the blood 
pressure had been lowered than they were under 
resting conditions. 


DISCUSSION 


The three pressor agents which have been 
studied in this work have similar sites of action 
but are otherwise widely dissimilar. Two of 
them, angiotonin and noradrenaline, although 
unrelated chemically are both substances 
which occur naturally, but s-methyl ‘so- 
thiourea is a synthetic substance. The cardiac 
output in man is reduced by angiotonin,” 
and by noradrenaline and it seems likely that 
it is not raised by s-methyl 7so-thiourea. All 
three drugs produce rises of blood pressure 
primarily by a direct action on the blood 
vessels. 

It cannot be assumed, however, that the 
rises of blood pressure which follow the ad- 
ministration of any pressor substance under 
ordinary test conditions give any precise in- 
dication of the degree of vascular constriction 
which the substance has caused; for there is 
evidence that rises or falls of blood pressure pro- 
duced in a variety of ways may be buffered by 
regulatory mechanisms, which tend to main- 
tain the blood pressure at a constant level.” *4 
It seems probable that the rise of blood pres- 
sure which follows the administration of a 
pressor substance represents the resultant of 
the vascular constriction produced by the 
pressor stimulus and the modification of this 
produced by reflex homeostatic regulatory 
mechanisms. 

The rises in blood pressure produced by the 
intravenous administration of angiotonin and 
s-methyl zso-thiourea are usually a little larger 
in hypertensives than in normotensives. But, 
following ganglionic blockade with large doses 
of hexamethonium, the rises of blood pressure 
in the hypertensives are considerably larger 
than in the normotensives. The extensive 
degree of blockade by hexamethonium which 
occurs with intravenous doses of the order of 
1 to 2 mg. per kilogram, such as we used, 
undoubtedly severely limits and may even 
abolish the capacity of the reflex homeostatic 
regulatory mechanisms to counter changes in 


blood pressure. The profound postural hypo- 
tension which occurs with the doses we have 
used suggests that this is so. The average 
pressor responses to angiotonin and to s- 
methyl zso-thiourea under these conditions are 
about twice as large in hypertensives as in 
normotensive subjects. 

A possible interpretation of this result is that 
pressor reactivity is greater in hypertension 
than in normotension and that, when this is not 
manifest under ordinary circumstances, it is 
because the activity of the regulatory mecha- 
nisms limits the rises of blood pressure to a 
greater extent in the hypertensive than in the 
normotensive. 

An alternative explanation is that the rises 
of blood pressure produced by pressor agents 
are greater from the lower levels of blood 
pressure which result from methonium ad- 
ministration. We have insufficient evidence to 
comment on this possibility. 

The changes in the responses of the blood 
pressure to various pressor agents may involve 
adjustments throughout the cardiovascular 
system. Certainly, on the evidence presented, it 
cannot be assumed that such changes are con- 
fined to alterations in the state of contraction 
of blood vessels. Some of our observations, 
however, seem to warrant further discussion. 

In the absence of ganglionic blockage, the 
magnitudes of the blood pressure rises, in re- 
sponse to a standard dose of angiotonin, vary 
from one person to another. This statement 
applies both to normotensives and to hyper- 
tensives. The differences in the pressor re- 
sponses are considerable. A less reactive person 
may have a rise of 5/0 mm. Hg from 5 units of 
angiotonin, whereas a more reactive person 
may have a rise of 50/30 mm. Hg. These 
variations, however, are not fortuitous be- 
cause when angiotonin is compared with the 
synthetic substance s-methyl iso-thiourea and 
with noradrenaline, it is found that the pa- 
tients who give big rises with angiotonin also 
give big rises with noradrenaline and s-methy] 
iso-thiourea; likewise, small responses to angio- 
tonin are associated with small responses to 
noradrenaline and s-methy] iso-thiourea. There- 
fore, we may conclude that large and small 
responses to angiotonin reflect changes in the 
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‘activity to pressor agents in general, rather 
han a specific sensitivity to angiotonin. 

A further conclusion may be drawn, namely, 

iat if circulating pressor agents play a part 

maintaining the blood pressure level in 
ypertension or in normotension, then the 
xtent to which they influence the blood 
ressure level depends to an important degree 
pon the patient’s responsiveness to the 
ressor agent. Amounts of angiotonin or of 
ertain other pressor agents which cause sub- 
tantial blood pressure increases in reactive 
vatients, have very little action in unreactive 
ratients. Hence, the presence or absence of 
\ypertension could depend as much upon the 
eactivity of the patient to a stimulus as on 
the magnitude of the stimulus. 

The fact that increased pressor activity can 
ve demonstrated, not only in essential hyper- 
tension but also in renal hypertension, and 
post-toxemic hypertension, is favorable to the 
conclusion that the increased reactivity may be 
a result of continued blood pressure elevation 
and possibly due to cardiovascular hyper- 
trophy. 

If increase of cardiovascular reactivity is an 
effect of continued hypertension, then the 
development of abnormal sensitivity to pressor 
stimuli is probably one of the mechanisms 
which lead to the perpetuation of the hyper- 
tensive state, irrespective of the initiating 
cause.”® 


SUMMARY AND CONCLUSIONS 


Under standard conditions, hypertensives 
have slightly greater pressor responses to 
angiotonin and to s-methyl zso-thiourea. 

After ganglionic blockade with hexametho- 
nium, these substances and also noradrenaline 
induce much larger pressor responses in hyper- 
tensives than in normotensives. 

The increased pressor response following 
ganglionic blockade is present in essential, 
renal and post-toxemic hypertension. 

Some patients react strongly to all three 
substances, and other patients give but small 
rises of blood pressure. In almost all instances 
high or low reactivity to angiotonin is associ- 
ated with reactivity of corresponding magni- 


tude to the administration of the other pressor 
substances. 

There seems to be good evidence that there 
are variations in the reactivity of the circulatory 
system as a whole to pressor stimuli; this vari- 
ation from one person to another is likely to be 
an important factor in determining the effect 
of any humoral pressor agents on the blood 
pressure level. 
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SUMMARIO IN INTERLINGUA 


Le responsas pressorial a injectiones intra- 
venose de angiotonina e s-methylo-iso-thiourea 
esseva studiate in 50 individuos hypertensive e 
20 individuos normotensive de controlo. Le 
augmento del pression sanguinee esseva simile 
in le duo gruppos; in le individuos hyperten- 
sive illo esseva levemente plus grande. Del 
altere latere, si le pression sanguinee esseva 
primo reducite per medio de hexamethonium, le 
responsas pressorial a angiotonina, s-methylo- 
zso-thiourea, e noradrenalina, le responsas pres- 
sorial esseva multo plus grande in le gruppo 
hypertensive que in le gruppo normotensive. 
Sub iste conditiones le responsas al tres men- 
tionate agentes se manifesta in formas parallel. 
Isto pare significar que individuos hyperten- 
sive non es characterisate per un augmento 
specific de reactivitate a angiotonina o a nor- 
adrenalina. Le conclusion a derivar ab iste 
constatationes es que in individuos hyper- 
tensive il ha un augmentate reactivitate a 
substantias pressorial sed que iste augmento 
non es demonstrabile usque le mechanismos 
regulatori del pression sanguinee es inactivate 
per hexamethonium. 
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Mitral Commissurotomy Performed During 
Anticoagulant Prophylaxis with Dicumarol 


By Ove Storm, M.D. anp ANDERS TyBsJ©RG Hansen, M.D. 


Since it is possible to perform major surgical interventions on patients with lowered prothrombin- 
proconvertin concentration we have selected a group of patients suffering from mitral stenosis 
for further evaluation of this prophylactic measure. These patients are highly predisposed 
to thromboembolic complications. The controllable risk of hemorrhage might, therefore, be pre- 
ferred to the heavy risk of thrombosis. The results of our investigations indicate a decrease in 
incidents of thromboembolism. No serious risk of bleeding is apparently introduced when an ac- 
curate and sensitive method of estimating the prothrombin level is used in the control of the 


treatment. 


ATIENTS suffering from mitral stenosis 
are highly predisposed to thromboem- 
bolic accidents. The major risk and 

most frequent cause of death during and after 
mitral commissurotomy is cerebral embolism. 
During surgery, large amounts of tissue throm- 
boplastin enter the blood stream and in this 
way accelerate the intravascular coagulation. 
Anticoagulant prophylaxis with Dicumarol 
will therefore be complete only when instituted 
before and maintained during and after the 
operation. 

It was shown previously that major surgical 
operations can be performed under effective 
anticoagulant prophylaxis with Dicumarol.! 
The operations were successfully accomplished 
with this treatment at a prothrombin level in 
the therapeutic range, without increased 
bleeding or other complications. 

Mitral commissurotomy can also be per- 
formed safely under effective anticoagulant 
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this paper to present and discuss the results of 
one year’s treatment. 


METHOD 


The level of prothrombin-proconvertin in blood 
was followed by an accurate one-stage assay (Ow- 
ren’s method’: 4). Daily determination of the 
prothrombin-proconvertin level was considered 
necessary, especially during the first several days 
after operation. In agreement with most authors we 
find the therapeutic level of prothrombin-procon- 
vertin to be between 10 and 30 per cent. Below 5 
per cent there is an increased risk of major hemor- 
rhage, but above 10 per cent the risk is insignificant. 
It is essential that the determination of the pro- 
thrombin-proconvertin level be as accurate as 
possible. Owren’s method is very sensitive and 
reliable and was therefore chosen for our purpose. 

Dosage: Four hundred to 500 mg. of Dicumarol 
were given during the first two days of treatment. 
The subsequent dosage was determined by the re- 
sponse. Individual variations often occur.* Low pro- 
thrombin levels on the day of operation were cor- 
rected by the use of vitamin K, (20 to 50 mg. 
vitamin K,, Geigy).* Dicumarol was usually given 
1 to 2 weeks preoperatively and 3 weeks postopera- 
tively until the patient was effectively ambulatory. 

Patients: The patients for Dicumarol prophy- 
laxis were selected in the following way: Patients 
born on even dates received the treatment, while 
patients born on uneven dates received no anti- 
coagulant prophylaxis and served as_ controls. 
However, some patients born on uneven dates and 
already under anticoagulant therapy were admitted 
to the surgical ward. This therapy had been in- 
stituted because of recent thromboembolic com- 
plication in addition to the valvular disease. We 
deemed the risk of new thromboembolic incidents 
too high if the Dicumarol therapy was discon- 
tinued, hence the prophylaxis was maintained. 
From Jan. 15, 1954 to Jan. 15, 1955, 26 patients 
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with mitral stenosis had a commissurotomy per- 
formed under Dicumarol prophylaxis. The un- 
treated control group of patients from the same 
period also consisted of 26 patients. 


RESULTS 
Dicumarol Prophylaxis 


On the day of operation the prothrombin per 
cent averaged 20; in 15 cases it was between 
10 and 19 per cent, in 10 cases between 20 and 
30 per cent and in one case 36 per cent. There 
was a slight fall in the prothrombin level in the 
first two or three days after the commissu- 
rotomy in 17 cases and a slight increase in four 
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ment when discharged from the hospital and 
continued this therapy as out-patients. 0; 
the whole, the treatment was stopped when th: 
patient was as effectively mobile as before th 
operation. In two cases, however, the treat 
ment was discontinued shortly after the ope: 
ation. One of these patients developed sever 
icterus (possibly due to preoperative bloo: 
transfusions: hemolytic icterus); in the othe 
case the treatment was stopped by mistake si 
days after the operation. A typical curve of th 
prothrombin-pro-convertin level during th 
period of treatment and the daily doses « 
dicumarol is shown in figure 1. 


WOMAN, AGED 31, MITRAL COMMISSUROTOMY 








20 25 JO 


Fic. 1. Mitral commissurotomy. The dosage of Dicumarol (above) and the proconvertin-pro- 


cases. A rather pronounced increase in the 
prothrombin level was found in five patients 
who received vitamin K, or menadion pre- 
operatively in order to correct a too low 
prothrombin level. In all cases, the decrease in 
the prothrombin per cent was followed by a 
marked increase from the fifth to the seventh 
day and at the same time there was an increase 
in the maintenance dose of Dicumarol. In 
most cases, the daily dose of Dicumarol was 
20 to 40 mg. higher in the weeks after the 
operation than before. In most cases, the 
prophylaxis was continued three weeks or more 
after the commissurotomy. Some of the 


patients were still under anticoagulant treat- 


thrombin level (in per cent) in blood (below) before, during and after operation. 


Hemorrhage 


The bleeding during the operations was not 
measured routinely, but the postoperative loss 
of blood through drainage and _ thoracocen- 
thesis was measured. This was compared with 
the loss of blood in the control group and with 
50 other cases of mitral valvulotomy per- 
formed in the previous year (table 1). The loss 
of blood in the treated group was on an average 
624 ml., in the control group, 813 ml. (In the 
control group there were a few difficult and 
complicated operations). 

The average amount of blood transfused has 
also been compared in the two groups. The 
patients treated with Dicumarol received an 
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av rage of 777 ml. blood during the operation 
an | on the days that followed. In the control 
up, the average amount of blood transfused 
: 3 1058 ml. (table 2). (The authors did not 
ninister the transfusions). 
these figures show clearly that the post- 
‘rative blood loss and the need of blood has 
been higher for the patients under anti- 
gulant prophylaxis than for the patients 
hout this therapy. 


‘.romboembolic Complications 


Ten patients in the Dicumarol-treated group 
aid 13 in the control group were above the age 
o! 40 years. According to most reports, the 
risk of thromboembolic complications during 
surgery increases after the age of 40, so there 
was probably a greater risk of such complica- 
tions in the control group than in the treated 
group. 

Atrial fibrillation also predisposes to throm- 
boembolism. Seven of the control patients and 
11 of the treated patients suffered from atrial 
fibrillation as a complication of rheumatic 
heart disease. Postoperative thromboembolic 
incidents occurred in three of these control 
patients with fibrillation, while none of the 11 
patients under Dicumarol prophylaxis showed 
signs of these complications. One of the control 
patients, who developed atrial fibrillation post- 
operatively, had a cerebral embolus. Among the 
patients in the treated group who developed 
postoperative fibrillation, no such complica- 
tions occurred. In one of the patients under 
Dicumarol prophylaxis, a fresh atrial thrombus 
was found upon operating. This patient had 
only been treated six days preoperatively 
with Dicumarol, and there were no embolic 
complications of the commissurotomy, al- 
though she suffered from pre- and postoperative 
atrial fibrillation. One patient in the treated 
group and one in the control group had old 
thrombi in the atrium and an extra-auricular 
\alvulotomy was performed.’ Both survived 
the operation without complications. 

Of the 26 patients in the treated group, 7 
jatients had had thromboembolic incidents 
‘efore surgery. No postoperative thrombo- 
«nbolic complications occurred among these or 


TaBLE 1.—Postoperative Hemorrhage 
after Mitral Commissurotomy 


| Average 
hemor- Range 
rhage 


Patients Distribution 


50 controls before | 749 ml.| 80-2160} 10 below 480 
Jan. 15th, 1954. | | | ml. 

10 above 1000 
| | | mil. 

26 controls be- | 813 ml ./125-2125 5 below 510 ml. 
tween Jan. | 5 above 1060 
1954 and Jan. | ml. 

1955. 

26 treated be- | 624 ml.|210-1650 5 below 480 ml. 
tween Jan. 1954 | 5 above 740 ml. 

and Jan. 1955. | 


TABLE 2.—Amount of Blood Transfused 
During and After Surgery 


Average 


amount ae : 
ciiisad Distribution 


transfused 


Patients 


50 controls before | 835 ml. | 10 above 1500 ml. 

Jan., 1954. | 14 between 1000- 
| 1500 ml. 

| 25 between 500- 
| 1000 ml. 
| 1 nothing. 

26 controls between | 1058 ml. 5 above 1500 ml. 
Jan. 1954 and Jan. | | 17 between 1000- 
1955 | 1500 ml. 

-4 between 500- 
1000 ml. 

26 treated between | 777 ml. 2 above 1500 ml. 
Jan. 1954 and Jan. 10 between 1000- 
1955. | 1500 ml. 

| | 14. between 500- 
1000 ml. 


the other Dicumarol-treated patients in the 
postoperative period (3 to 4 weeks). 

In the control group, four patients had had 
thromboembolic attacks before surgery; two of 
these patients developed lung infarction post- 
operatively. 

The number of control patients with post- 
operative thrombotic incidents confirmed clin- 
ically was six: one died of cerebral embolism, 
another still has paralysis of the right arm due 
to cerebral embolism. Two patients recovered 
from cerebral embolism and two from pul- 
monary infarction. In addition, two other 
control patients suffered from probable post- 
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operative embolism: one from a lung infarction 
and the other from a cerebral embolus. 


DISCUSSION 


It is well-known that thromboembolic in- 
cidents are frequent complications of rheumatic 
heart disease. Recently, Bigelow* reported 39 
systemic embolic episodes in 171 patients with 
mitral stenosis. Seven of these patients (18 
per cent) died within one month after the 
episode, and the rest died within three and one 
half years. In a survey of 393 embolic episodes 
in 194 patients with rheumatic heart diseases, 
Bland® found the following features: Single 
embolic episodes occurred in 79 patients with a 
mortality of 30 per cent, multiple episodes 
occurred in 115 patients of whom 55 suc- 
cumbed. 

However, long-term anticoagulant therapy 
with Dicumarol has been shown to reduce 
thromboembolism in patients with mitral 
stenosis, atrial fibrillation and congestive heart 
failure.!®: ll, 12, 13 

Cerebral embolism is the most frequent 
cause of death after mitral commissurotomy. 
This was stated by Bailey‘ who found 12 cases 
(5 per cent) of cerebral embolism in 235 pa- 
tients operated on for mitral stenosis. Eight of 
these 12 patients died. In Bigelow’s report,® 
mitral commissurotomy was performed in 88 
patients. The total number of thromboembolic 
episodes was 17 (20 per cent of the cases) and 
six showed postoperative cerebral embolism 
(one died). In 150 patients followed-up, the 
total number of fatal cerebral embolism was 
six (4 per cent of the patients). The figures of 
Warren" are also striking: 15 (16 per cent) out 
of 92 patients with mitral stenosis developed 
embolic episodes postoperatively after com- 
missurotomy. The incidence was higher in a 
group of patients who previously had had 
embolic episodes and also in patients with 
atrial fibrillation. Baden'® analyzed 106 cases 
of mitral stenosis operated on at the University 
Hospital of Copenhagen. Postoperative throm- 
boembolic complications occurred in 20 per 
cent. Twelve patients died after the operation 
and in eight of these cases, death was caused by 
cerebral embolism a few days after the oper- 
ation. 


Anticoagulant prophylaxis with Dicumar:! 
has been used successfully after surgical ope~. 
ations and has reduced the frequency :! 
thromboembolic complications.’7:!8 Usual! , 
this therapy has been initiated after the ope - 
ation, but in some instances the first dose 
Dicumarol has been administered on t 
evening before surgical intervention.” B . 
cause of the lag, this prophylaxis has not be: . 
effective on the day of and the days immec - 
ately following the operation. In a previo: s 
paper, a more effective Dicumarol prophyla» s 
during major surgery was proposed!: ? and t} 
prophylaxis has since been carried out 
about 100 patients predisposed to thromb.- 
embolism. This treatment is begun one to t\ 
weeks prior to the operation in order to get : 
idea of the patient’s response to Dicumarol ai 
to find the maintenance dose of Dicumaro. 
The prothrombin level on the day of operation 
must be above the bleeding limit (5 to 10 per 
cent), but must also lie in the therapeutic 
range. A standardized and sensitive method for 
the control of the therapy is therefore essential. 

As most postoperative thromboembolic 
complications occur in the first 10 to 12 days 
after the operation, the anticoagulant pro- 
phylaxis should be maintained at least in this 
period, ideally 2 to 3 weeks and even longer in 
a case of atrial fibrillation. 

Obviously, uncontrollable bleeding is the 
main risk of this procedure, but this has not 
occurred in this small group of patients. 

Thromboembolic complications occurred 
among the control patients with the usual ex- 
pected incidence, but none of the Dicumarol 
treated patients developed thrombotic diseases 
during the periods of treatment. Though the 
number of patients in the two groups is too 
small to allow a definite conclusion at the 
present time, our results as presented here 
have shown that an effective anticoagulant 
prophylaxis with Dicumarol can be maintained 
during mitral commissurotomy. The figures 
indicate that a considerable decrease in the 
number of postoperative thromboembolic in- 
cidents can be expected. The final evaluation of 
the therapy, here described, will have to wa’ 
for the treatment of a larger number of p: 
tients. 
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SUMMARY 


[itral commissurotomy was performed on 
26 patients under anticoagulant prophylaxis 
wi. Dicumarol. The operations were per- 
fo: ned with a prothrombin level in the ther- 
ap utie range (10 to 30 per cent). 
femorrhage during and after the operations 
not greater in this group of patients com- 
ed with a control group (26 patients) 
died at the same time or compared with 50 
ilar operations performed in previous years. 
\lthough mitral commissurotomy predis- 
es to thromboembolic complications, during 
| after surgery, this had not occurred in the 
‘umarol-treated group of patients. In the 
itrol group, these complications occurred 
just as frequently as expected (15 to 20 per 
cent of the cases). A larger group of patients is 
necessary before the effectiveness of this treat- 
ment can be finally evaluated. 


SUMMARIO IN INTERLINGUA 


Commissurotomia mitral esseva executate in 
26 patientes sub prophylaxe anticoagulante a 


Dicumarol. Le operationes esseva executate a 
nivellos prothrombinic intra le limites thera- 
peutic (10 a 30 pro cento). 

Hemorrhagias durante e post le operationes 
non esseva plus frequente in iste gruppo de 
patientes que in un gruppo de 26 patientes de 
controlo qui esseva operate al mesme tempore 
0 que in un gruppo de 50 patientes subjicite a 
simile operationes in previe annos. 

Ben que commissurotomia mitral predis- 
pone le patiente a complicationes thrombo- 
embolic durante e post le intervention chirurgic, 
nulle tal complicationes ha occurrite in le casos 
del patientes tractate a Dicumarol. In le 
gruppo de controlo le frequentia de tal com- 
plicationes esseva de accordo con nostre ex- 
pectationes (15 a 20 pro cento). Un plus grande 
numero de casos debe esser observate ante que 
le efficacia de iste tractamento pote esser 
dfinitivemente evalutate. 
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Cardiovascular Collapse in Acute 
Poliomyelitis 


By J. A. Hmipes, M.D., M.R.C.P. (Lonp.), F.R.C.P. (Canapa), A. ScHaBerc, M.D., 
AND A. J. W. Atcock, M.D. 


Cardiovascular collapse accounted for approximately one-third of the deaths from acute polio- 
myelitis in two epidemics. This syndrome occurred early in the disease and only in cases of bulbar 
involvement. In all cases there was morphologic involvement of the medulla and in 75 per cent of 
the cases there was a varying degree of myocarditis. There was a much smaller incidence of less 
severe myocarditis in the cases dying of other causes. It is suggested that the combination of 
sustained vasoconstriction arising as a result of the medullary lesion and the presence of inter- 
stitial myocarditis leads to circulatory failure and pulmonary edema. 


LTHOUGH cardiovascular collapse had 
previously been noted in_ patients 
with acute poliomyelitis,': ? Baker and 

his colleagues*: ‘ first indicated that this lethal 
symptom complex is a relatively common 
feature of bulbar poliomyelitis. They examined 
in detail the medulla of 80 cases dying of 
poliomyelitis and concluded that this syn- 
drome was due to involvement of the large 
cells in the ventromedial reticular substance 
of the medulla. 

There are also reports in the literature not- 
ing the occurrence of an interstitial myocardi- 
tis in poliomyelitis.5-"° Electrocardiographic 
changes in a variable proportion of patients 
with acute poliomyelitis have also been re- 
ported.®: * These reports do not record whether 
the histologic changes described by Baker and 
his associates‘ occurred in their cases. On the 
other hand, the reports by Baker and his 
colleagues*:4 deal mainly with the central 
nervous system findings. 

Maloney and Whittenberger" suggested 
from their experiments on dogs that a high 
negative intratank pressure may play an im- 
portant role in cardiovascular collapse in 
respirator patients by interfering with the re- 
turn of blood to the heart, particularly if the 
circulation is failing. 

In view of the uncertain role played by dif- 
ferent factors in the etiology of this syndrome, 
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it seemed worthwhile to review our cases 
cardiovascular collapse. 


CasE MATERIAL 


During 1952 and 1953 a total of 1359 cases were 
admitted to the acute poliomyelitis wards of the 
Winnipeg Municipal Hospitals. Of these, 523 had 
bulbar involvement and there were 82 deaths ir 
the whole series. The immediate cause of death in 
22 cases was cardiovascular collapse (table 1). 
Autopsies were carried out on 20 of these 22 cases 
and on 47 of the remaining patients who died. 
The deaths of the latter were due to a variety of 
causes such as secondary bacterial infection, as- 
phyxia and gastrointestinal ulceration." Six patients 
showing clinical evidence of this syndrome, survived 
(table 2). 

All patients with any evidence of bulbar involve- 
ment were carefully followed clinically and a running 
record of blood pressure, pulse, temperature, 
respirations and state of consciousness was main- 
tained. Cases coming to autopsy were examined 
completely in order to determine as accurately as 
possible the factors leading to the lethal outcome. 


CLINICAL SYNDROME 


The syndrome of cardiovascular collapse is 
a complication of the early acute phase of 
bulbar poliomyelitis. All these patients had 
clinical evidence of pharyngeal involvement. 
This syndrome was not encountered in any of 
640 patients with only spinal paralysis. Sixty- 
eight of these were respirator cases; there were 
five deaths and three postmortem examinations 
in this spinal group. 

In the 22 cases shown in table 1, the average 
time from onset of illness to death was five 
days and the signs of cardiovascular collap:e 
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TABLE 1.—Fatal Cases 





Duration | 
| Bulbar 
Signs— 


Respirator | 
and/or 

| Tracheot- 

omy* 


Sex & 
Age 


Max. 
Temp. 


FE 21 | } — 
F | 101 F. 
M ‘ 100 F. 
M 102 F. 
M | 105 F. 
F 27}; 2 | 106F. 
M 3 | 104F. 
M 106 F. 
F 103 F. 

M — 
M 35 | 103 F. 
F 35| 2 | 105F. 
Reo} 102 F. 
M 104 F. 
F 108 F. 
M 102 F. 
M : 106 F. 
F | | 104 F. 
19 F 106 F. 
20 M < 105 F. 
21 M < 100 F. 
22 M30; 104 F. 


* This refers to the 
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use of the tank respirator and/or tracheotomy prior to onset of the cardiovascular col- 


lapse. Cases 1, 5, 6, 10, 13, 19, 20, 22 went into respirators some time after that and, similarly, cases 1, 5, 6, 12, 


15, 22 had tracheotomies later. 


+ The dose of noradrenaline wis adjusted to try and maintain systolic pressure above 100 mm. Hg. 
t Lesser grades of pulmonary edema, as evidenced by basal crepitations, were often not detected since the chest 


was not always examined serially, 
§ Graded as indicated in the text. 


almost always occurred within 48 hours of the 
first evidence of bulbar paralysis which, how- 
ever, was not always extensive or severe. The 
patients were usually alert, exceedingly appre- 
hensive and agitated. Body temperature was 
recorded at 104 F. or over in approximately 
half the cases. The pulse rate was fast during 
the stage of shock and often difficult to feel at 
the wrist, but always regular. 

In table 1, the cases have been arranged ac- 
cording to the blood pressure findings. In cases 
1 to 6, systolic pressure was below 80 mm. Hg 
when first recorded. Cases 16 and 17 were hy- 
p-rtensive on admission. The remaining cases 

‘re normotensive on admission; cases 7 to 15 
rmained so until their blood pressure fell, 
bit the last four cases in the table developed 

iansient hypertension before the stage of 
s| ock. The fall in blood pressure was sometimes 


precipitous but in others it fell over a period of 
hours. In the shock stage, the extremities were 
cold and clammy and mottled with peripheral 
grey cyanosis. 

Gross clinical pulmonary edema was a 
notable feature in more than a third of the 
cases. In two of these (cases 18 and 22), who 
survived for several hours after the onset of 
pulmonary edema, the autopsy findings sug- 
gested some regression of the pulmonary edema 
before death. A rapidly fatal termination 
within a few hours was more the rule. Of the 
22 cases, 5 were in respirators and five had 
tracheotomies at the time of the onset of the 
cardiovascular collapse. It can be seen from 
table 1 that 13 of the 22 cases were given con- 
tinuous infusions of noradrenaline with variable 
results. It seemed of definite but temporary 
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TABLE 2.—Survivors 


Blood Pressure Phases Dura- | 
tion Respirator Deration in Hours tion of | Clinical 
Case Sex & Age Bulbar, Max. Temp. | and/or Tra- SSS — | — 
Signs— cheotomy* | yor. | Hypo-| atine— | Edema* 

Days Hypertensive _ Hours* 


Dura- 


Final Results 


103 F. | R&T | 48 oes 


104 F. R 20 


106 F. - 196 (170/?) 
103 F. | _ 124 (195/?) 


102 F. 46 (220/115) 


12 (178/116)| 96 


: . 

See footnotes to table,1. 
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Fic. 1. Record of rectal temperature, heart rate, 
systolic blood pressure and dose of noradrenaline 
throughout the hospital course of case 20 (table 1). 


benefit in six of these cases and in five of the 
survivors shown in table 2. 

A typical example of the fulminating course 
is illustrated in figure 1. 

There were a few cases amongst the remain- 
ing patients who died from bulbar poliomyelitis 
which showed some features of this syndrome, 
both clinically and pathologically; for exam- 
ple, a sharp drop in blood pressure and post- 
mortem evidence of pulmonary edema. These 
may have been examples of the same syndrome 


Died 6 months later. Cause 
determined. 
24 |+++) Died 3 months later. Secon 
infection. 
6 0 Remains with severe sp 
paralysis. 
0 Remains with severe spinal 
| respirator paralysis. 
Discharged in 6 weeks. Mode. ite 
bulbar, mild spinal. Nor: .0- 
tensive. 
| Discharged in 6 weeks. ld 
bulbar paralysis. Normot:n- 
sive. 


40 0 


TRANSIENT CARDIO VASCULAR COLLAPSE 
ee 


weant eave 
beers per mem 


to ae so T° eo 


ae se 
Time nouns 


Fic. 2. Record of pulse rate, systolic blood pres- 
sure and dose of intravenous noradrenaline during 
the episodes of hypotension in case 23 (table 2). 


but at autopsy other causes of death were 
found and they have been excluded from this 
series. 

Table 2 shows six patients who recovered 
from an attack of hypotension. The duration 
of the low blood pressure phase was sometimes 
difficult to assess when the patient had an 
infusion of noradrenaline. If the blood pres- 
sure was maintained when the infusion was 
temporarily stopped, the drug was discon- 
tinued. Such a test is illustrated in figure 1. 


The clinical course of case 23 is illustrated in 
figure 2. She developed ascending spinal paraly;is 
requiring respirator treatment. The next day a 
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heotomy was necessary for bulbar paralysis. 
the day following the tracheotomy she became 
emely apprehensive and had the episodes of 
iotension treated with noradrenaline as shown in 
figure. Following this, she remained well but 
erely paralyzed. She could neither swallow nor 
ithes. Six months later she suddenly convulsed, 
ame unconscious and died a few days later. The 
tral nervous system at autopsy showed marked 

s of lower motor neurones in all areas as well as 

ere involvement of the medullary reticular 

stance. The heart was grossly and microscopically 
mal. Terminal partial atelectasis of a few hours’ 
ration involved both lungs. The cause of death 

s not apparent. 

Case 24 survived a severe episode of pulmonary 

ma but also died a few months later. On admis- 

n she had rapidly ascending spinal paralysis and 
went into a tank respirator. Within two hours she 
suddenly developed gross pulmonary edema and 
cyanosis. She remained alert and very apprehensive. 
A bronchoscope was immediately passed to facilitate 
removal of the frothy edema fluid and to deliver a 
high concentration of oxygen deep into the air 
passages. She was given 0.2 mg strophanthin and 
also a small dose of sodium pentothal to allay her 
apprehension. The pulmonary edema subsided in 
half an hour and the bronchoscope was removed 
after tracheotomy had been performed. Following 
this episode her systolic blood pressure was 100 and 
her pulse rate 140. The following day her systolic 
blood pressure fell to 80 and was returned to between 
90 and 100 with an infusion of noradrenaline which 
was continued for 24 hours. Three days later tracheal 
obstruction produced a sudden fall in systolic blood 
pressure to 60 but this rose again a few minutes 
after the obstruction was relieved. During the 
following weeks she remained in a state of chronic 
ill health and she succumied three months later to 
bronchopneumonia and pyopneumothorax. Autopsy 
examination was not allowed. 

The other four survivors had not so severe a 
clinical course. 

Cases 25 and 26 were also in respirators at the 
onset of cardiovascular collapse. The former was 
given 0.25 mg. strophanthin intravenously when his 
systolic blood pressure fell to 90. Following this the 
blood pressure remained at 110 for several hours 
but then fell to 75 and his pulse rate rose to 170. 
An intravenous infusion of noradrenaline raised the 
b'ood pressure to 105 and the pulse rate slowed to 
1:0. His course thereafter was uneventful but he 
his remained severely paralyzed. When case 26 
developed a rapid pulse, falling blood pressure 
1d sweating collapse, he was given intravenous 

ophanthin, intravenous Digoxin and oxygen 

‘thout apparent effect. However, his blood pressure 

s elevated to 100 systolic by intravenous norad- 

ialine. This was continued for two days, after 

ich blood pressure remained normal. 


Cases 27 and 28 developed this shock syndrome 
without being in respirators although the former 
patient developed respiratory insufficiency shortly 
afterwards. His blood pressure recovered spon- 
taneously. The blood pressure in case 28 was main- 
tained for a day with noradrenaline. When it was 
discontinued his systolic blood pressure remained 
between 80 and 90 mm. Hg. He seemed so well and 
was without the cold, clammy peripheral cyanosis 
or the apprehension seen in the fatal cases that the 
drug was discontinued. He made steady improve- 
ment; his blood pressure finally came back to normal 
and at the time of discharge he was left with very 
little residual paralysis. 


The occurrence of hypertension in these pa- 
tients is of some interest. Six of the fatal cases 
(table 1) and four of those who survived (table 
2) had hypertension prior to the onset of hypo- 
tension. There were other patients, not shown 
in the tables, who were probably examples of 
the same syndrome without the development 
of the hypotensive phase. One example will 
serve to illustrate this. 


A 16-year old boy was admitted with a five-day 
history of illness and with pharyngeal and palatal 
paralysis of one day’s duration. Temperature was 
102 F. pulse 120 and respirations 25. Systolic blood 
pressure was 130. During the next two days his 
bulbar paralysis worsened but he developed prac- 
tically no spinal paralysis. His blood pressure rose 
to 190/120. He became extremely agitated but 
remained quite alert. Temperature and pulse rate 
began slowly to subside to normal and by the eighth 
hospital day swallowing function began to recover 
and the patient felt quite well. However, his blood 
pressure, which had reached a height of 220/130, 
remained elevated above normal for 10 days, during 
this time it gradually subsided. At the time of dis- 
charge, three weeks after admission, his blood 
pressure was 125/70 and there was moderate residual 
weakness of the face and palate. 


PATHOLOGY 


The postmortem findings of the 20 cases 
autopsied are summarized in table 1. The main 
abnormal findings were limited to the central 
nervous system, the heart and the lungs. A 
few of these patients had clinically insignificant 
lesions of the upper gastrointestinal tract.” 
There was no pathologic evidence of airway ob- 
struction, bacterial infection or hemorrhage. 

The lungs showed a varying degree of acute 
pulmonary edema in all but one case. 
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Fic. 3. Sections of heart muscle showing inter- 
stitial myocarditis in case 9 (table 1). Haematoxylin- 
eosin stain x 340. 


Involvement of the Brain Stem: The following 
areas were examined histologically: lumbar, 
low thoracic, high thoracic and cervical cord; 
the medulla at four levels; the pons at two 
levels; the substantia nigra; the hypothalmus 
at the levels of the mamillary bodies, tuber 
cinereum and optic chiasma; the basal nuclei 
and the motor cortex. In all 20 patients, there 
was medullary involvement, varying from mild 
neuronal damage and interstitial inflammatory 
reaction to diffuse involvement with focal 
destruction of tissue. Although the region be- 
tween the floor of the fourth ventricle and the 
olivary nucleus in the upper part of the medulla 
was one of the most severely involved areas, 
there was, as far as our examination went, no 
apparent difference between the patients dying 
of cardiovascular collapse and those in which 
death was attributed to other causes.'!2 With 
respect to the other areas examined, the pa- 
tients without cardiovascular collapse ap- 
peared to have a somewhat smaller incidence 
of involvement of the cerebellum and the 


hypothalmus. The motor cortex was involved 
in only a few cases in both groups. 

Involvement of the Myocardium: The gro-s 
examination of the heart was usually norm 
although in two cases the heart muscle \ 
considered abnormally flabby. The avera 
heart weight was approximately 10 per ce 
greater than normal. This has been previous y 
described.® 

In 14 of the 20 cases autopsied, there w s 
histologic evidence of myocarditis. Blocks { r 
microscopic examination were taken from t/\e 
anterior and posterior wall of the left ventric «, 
the septum and the pulmonary conus. The |» 
sions are graded in table 1 as mild, moderate 
severe. We considered lesions, mainly limit: 
to perivascular spaces, to be mild. Those whic! 
also showed scattered focal lesions in the my: 
cardium were considered to be moderately 
severe. Diffuse involvement was considered to 
be a severe grade. The exudate consisted oi 
lymphocytes, plasma cells, macrophages and 
polynuclear cells, the latter predominating 
in the more severe cases (fig. 3). Although the 
majority of the muscle fibers were usually 
spared, there was often involvement of a few 
fibers adjacent to the lesion. These fibers were 
swollen, fragmented, had lost their striations 
and showed a granular cytoplasm. Some of the 
fibers showed cloudy swelling and a tendency 
to coalesce with adjacent fibers. 

Among the other 47 postmortem examina- 
tions for poliomyelitis, where the cause of 
death was asphyxia, gastrointestinal hemor- 
rhage or secondary infection, 12 hearts showed 
a mild degree of inflammatory reaction and 
five had septic abscesses in the myocardium 
as well as in the other organs. Four of the 12 
were in cases dying of septicemia and it is 
difficult to distinguish between a mild septic 
reaction and a virus inflammation in these 
cases. In none of these cases was the inflam- 
matory reaction severe or moderately severe 
as it was in nine of the 14 cases showing myo- 
carditis and who died with the syndrome 0} 
cardiovascular collapse. 


DISCUSSION 


Several mechanisms could be _ responsib!: 


for inducing cardiovascular collapse in poli 
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melitis. From the data presented, some of 
th se can be excluded as primary factors in 
ou cases. 

Jestruction of the vasomotor center was 

sidered responsible by Baker and _ co- 

. rkers.* Such a lesion should lead to a general 
ence of sympathetic activity with postural 
, potension. Although measurements of blood 

w were not made, it was clinically obvious 

t our patients had intense vasoconstriction 

the skin at least. Symptoms were not alle- 

i:ted by tilting the head down. Histologically, 
area of the reticular substance in the 
dulla was involved in all or our cases and 
no case of this syndrome was found in pa- 
tients with spinal involvement only. The medul- 
lary area was also involved in cases dying of 
other causes. But death in such cases occurred 
at a somewhat longer interval after the onset 
of paralysis than did cardiovascular collapse. 

Myocarditis was more common and _ also 
more severe in the cases dying of cardiovascular 
collapse compared with other bulbar cases com- 
ing to autopsy. It is difficult to envision a virus 
myocarditis limited only to cases with bulbar 
poliomyelitis. Indeed, electrocardiographic evi- 
dence indicates that spinal and nonparalytic 
cases may also have transient myocardial 
changes.*» From these considerations and 
also from the fact that one-fourth of the cases 
did not show myocarditis, it seems unlikely 
that the heart lesion is the basis for this syn- 
drome although its presence would probably 
aggravate it. 

It has been suggested" that all deaths from 
acute poliomyelitis can be attributed to hypo- 
ventilation. It is difficult to categorically deny 
this on our evidence. We have seen patients, 
other than those reported here, in terminal 
shock from airway obstruction. However, the 
majority of the present patients were not in 
respiratory distress at the onset of the col- 
lapse; nor were there any indications at post- 

iortem examination of airway obstruction or 
-phyxia from other causes. 

Unfortunately, arterial puncture for blood 
3 analysis was carried out only on two of 
lese patients during the phase of shock. Case 
2. (table 2) did have a moderate respiratory 

dosis (carbon dioxide partial pressure 77 


mm.; pH 7.28); case 12 (table 1) had a normal 
arterial carbon dioxide partial pressure (45 
mm.) a few hours before death although the 
blood pH was 7.32. Many other cases with 
airway obstruction were seen with severe 
acidosis which promptly recovered when venti- 
lation was returned to normal.'* 

The undesirable effects on the circulation of 
prolonged positive pressure breathing are well 
known.'!: 15.16 However, as only five of our 
patients were in respirators at the onset of 
cardiovascular collapse, this is unlikely to be 
a factor of prime importance in our cases. 

Severe hyperthermia may be lethal. Approxi- 
mately half of the fatal cases had fever with 
rectal temperatures of 104 F. or over. It is not 
considered likely that such a mortality rate 
would result from comparable body tempera- 
tures in other infectious diseases. 

Although there is no reason to suspect acute 
adrenal insufficiency in poliomyelitis, the oc- 
currence of lethal shock made us consider this 
possibility. The adrenal glands at autopsy in 
some cases showed a varying degree of his- 
tologic change characteristic of stress.!7: '8 
There was no difference in the appearance of 
the glands between the cases dying of cardio- 
vascular collapse and the remaining 47 cases 
autopsied. 

The transient hypertension of six of the 
fatal cases and four of the six surviving cases, 
as well as other cases without cardiovascular 
collapse, may indicate that severe vasocon- 
striction may be an important factor leading to 
heart failure and pulmonary edema.!*: 2° Such 
a postulated mechanism would be greatly en- 
hanced by an already weakened myocardium 
from viral myocarditis. Although we have no 
direct evidence to support this hypothesis, it 
is put forward as the suggested mechanism in 
our cases as it seems to best fit the clinical and 
pathologic data. Further investigation along 
these lines would be very helpful in confirming 
or refuting this suggestion. 

On the basis of this tentative hypothesis 
about the mechanism of this syndrome, one 
would expect that vasoconstrictor drugs would 
be of no benefit in treatment. Indeed, animal 
experiments” suggest that such therapy may 
actually be harmful in spite of temporary im- 
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provement in blood pressure and clinical ap- 
pearance. Despite this, the use of noradrenaline 
seemed to be of definite benefit in some of our 
cases. In others, although it temporarily ele- 
vated the blood pressure, it appeared to have 
no beneficial influence on the course of the dis- 
ease. Of the surviving cases shown in table 2, 
noradrenaline seemed an important factor in 
case 23. Case 24 was most gravely ill when she 
had pulmonary edema; she recovered from this 
before she was given noradrenaline. None of 
the other four survivors at any time seemed as 
critically ill as the fatal cases. We attribute 
their survival more to a mild form of the syn- 
drome rather than to the therapy. 

From the experimental work on _ani- 
mals,” 3-24 the use of hypotensive drugs in 
the early hypertension phase might be of 
value. However, we have no experience with 
this possible method of treatment. 


SUMMARY 
(1) A series of 22 fatal cases and 6 surviving 
cases of cardiovascular collapse in acute polio- 
myelitis is reported. 


(2) Clinically, the syndrome came on acutely 


within 1 or 2 days after the onset of bulbar 
paralysis. It was characterized by apprehen- 
sion, hyperthermia, fast regular pulse and was 
sometimes preceded by a short period of hyper- 
tension. It then progressed to a state of shock 
with cold, sweating and cyanosed extremities. 
Pulmonary edema was a common terminal 
feature. 

(3) At autopsy, there was involvement of the 
medulla in all cases and pulmonary edema in 
all but one case. Interstitial myocarditis was 
found in 75 per cent of the cases. 

(4) Treatment with noradrenaline appeared 
to be of benefit in some cases but this was 
usually transient. Four of the six surviving 
cases had a mild form of the syndrome. 

(5) It is suggested that the mechanism for 
the syndrome is a combination of vasoconstric- 
tion resulting from a medullary lesion and a 
viral myocarditis. This leads to acute heart 
failure and pulmonary edema. 


ADDENDUM 


Since these cases were studied we have only once 
encountered this syndrome. The blood pressure of 


an adult male, admitted with acute bulbar polio- 
myelitis, was 170/100 and pulse rate was 90. [He 
rapidly deteriorated, became agitated and somew) at 
disoriented and 14 hours after admission was ©: |d 
and clammy; the blood pressure could not 
recorded; his heart rate had risen to 160. Rat 
than increasing his blood pressure, a hypoten: 
agent, Arfonad,* was given by continuous int 
venous infusion for 26 hours at a rate which m: 
tained the systolic blood pressure between 70 anc 
and the diastolic between 60 and 65. His color 
general condition improved markedly. When 
drug was stopped his blood pressure remai ; 
normal although at the present time he is stil 
the acute stage of his disease. 

This single case seems to corroborate the dis 
sion above but further experience is obviously ne 
sary before conclusions can be drawn. 
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SUMMARIO IN INTERLINGUA 


Collapso cardiovascular esseva responsabile 
pro circa duo tertios del mortes in duo epi- 
demias de poliomyelitis acute. Iste syndrome 
occurreva tosto in le curso del morbo e solmente 
in casos de involvimento bulbar. In omne casos 
il habeva un involvimento morphologic del 
medulla, e in 75 pro cento del casos varie grados 
de myocarditis esseva observate. Le frequentia 
e le severitate de myocarditis esseva multo 
minus extense inter le casos de mortes per altere 
causas. Nos presenta le hypothese que le 
combination de (1) vasoconstriction continue 
resultante del lesion medullar e (2) le presentia 
de myocarditis interstitial es le causa de dis- 
fallimento circulatori e edema pulmonar. 
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Pulmonary Stenosis and Ventricular Septal 
Defect with Arteriovenous Shunts 


A Clinical and Hemodynamic Study of Eleven Patients 


By Joun A. CALLAHAN, M.D., Ropert O. BRANDENBURG, M.D. ann H. J. C. Swan, M.B., 
Ph.D., M.R.C.P. (Lonp.) 


Patients who have pulmonary stenosis and ventricular septal defect usually have a right-to-left 
intracardiac shunt. This paper presents hemodynamic and clinical data on 11 patients who have 
pulmonary stenosis, ventricular septal defect and left-to-right shunts. Four of these patients also 
have defects in the atrial septum, and three have demonstrable bidirectional shunts. The level 
and direction of shunts were determined by blood oxygen-saturation data and indicator-dilution 
studies. Choice of the form of treatment to be used in patients such as these should be based largely 
on hemodynamic considerations. Many resemble patients with tetralogy of Fallot who have had 


a successful pulmonary valvotomy. 


N patients who have stenosis of the pul- 
monary valve or outflow portion of the 
right ventricle and a ventricular septal 

defect, blood is usually shunted through the 
defect to the left ventricle or the aorta. Recent 
publications have called attention to a group 
of patients who have pulmonary stenosis and 
ventricular septal defect without cyanosis, in 
whom the blood is shunted from left to right 
(arteriovenous) through the defect.!* 

It is the purpose of this paper to present 
hemodynamic and clinical data in seven cases 
of pulmonary stenosis and ventricular septal 
defect in which a left-to-right shunt was the 
major hemodynamic anomaly and in four cases 
of pulmonary stenosis with both atrial and 
ventricular septal defects, all of which had left- 
to-right shunts but three had right-to-left 
(venoarterial) shunts in addition. Two of the 
first group of patients had been previously 
reported by Broadbent and associates.” 

The patients were studied by cardiac cathe- 
terization, employing the method of Cournand 
and Ranges‘ as modified in apparatus and 
technics by Wood and _ associates.5-7 The 
methods of analysis used have been described 
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in greater detail in a recent paper by the 
present authors.* 


ARTERIAL INpICATOR-DILUTION CURVES 

Because of the value of indicator-dilution 
curves in the definition of normal and abnormal 
circulatory states, a statement outlining the 
principles which are the basis for the use of 
dilution curves in the study of congenital 
heart disease with intracardiac and _intra- 
vascular shunts is appropriate. The changing 
concentration of an indicator with time, at the 
sampling site in the arterial system, defines a 
contour which depends to a major extent on 
the pathway or pathways taken by the indi- 
cator from the injection site to the sampling 
site. Dilution curves do not define defects as 
such but indicate the nature of pathways of 
blood flow, normal or abnormal. Two distinct 
and fundamental dilution patterns are asso- 
ciated with the presence of a right-to-left and 
of a left-to-right shunt respectively.° When a 
right-to-left shunt exists, a portion of the 
injected dye traverses the defect and reaches 
the systemic arterial sampling site before that 
portion of the injected dye which passes 
through the pulmonary circulation. The re- 
sultant dilution curve is characterized by a 
short appearance time and an abnormal initial 
deflection which is proportional to the amount 
of dye shunted and hence to the volume of the 
shunt.'° When a left-to-right shunt is preset, 
the blood follows a normal pathway throuzh 
the lungs, but then a part of the blood. is 
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shi nted to recirculate through the pulmonary 
ve: sels. In this situation the appearance time 
an the slope of increasing dye concentration 
of he dilution curve are normal. The magni- 
tu e of the peak of dye concentration is re- 
du ed in comparison to normal, and the con- 
ce tration of dye at the sampling site declines 
sk vly because with each recirculation of the 
in icator remaining in the pulmonary circula- 
tii a, a constant fraction of the dye passes into 
th systemic circulation." The site of injection 
of ‘he dye is important in the localization of a 


TaBLE 1—Clinical Data in 11 Cases of Pulmonary Stenosis With Left-to-Right Intracardiac Shunts 
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shunt. Since the dye follows the pathway 
taken by the blood, a shunt will be defined only 
if it occurs at or beyond the site of injection of 
the dye. Injections of dye into different loca- 
tions in the heart and great vessels frequently 
permit the localization of a defect through 
which a shunt is occurring.” 


CurnicaL Data 


The clinical data are summarized in table 
1. Representative roentgenograms of the chest 
are reproduced in figure 1. 
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Patients 4 and 6 were reported in a previous study.? 
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PULMONARY STENOSIS AND 


VENTRICULAR SEPTAL DEFECT 


Fic. 1. Posteroanterior roentgenograms a and b. Patients 1 and 3, group I. The pulmonary arterial 
shadow is increased in both patients but particularly in patient 3 (1b). The vascular lung markings 
are markedly increased in patient 3 (1b) but are normal in patient 1 (la). c and d. Patients 1 and 4, 
group II. There is concavity in the region of the pulmonary arterial shadow in both patients and a 
right-sided aortic arch in patient 1 (1c). 


The most characteristic physical finding was 
a loud systolic murmur in the pulmonic area 
associated with a thrill. In some of the patients, 
murmurs were noted in other locations. The 
second heart sound in the second and third 
left intercostal spaces was absent, single or not 
accentuated in most of these patients. 

The main pulmonary arterial shadow in the 
postero-anterior roentgenogram of the chest 
was increased in all patients except patient 7, 
ni whom it could not be definitely identified. 
The pulmonary vascular markings were con- 


sidered to be normal in patients 1, 5 and 7 and 
increased in patients 2, 3, 4 and 6. 

The electrocardiogram in patient 1 disclosed 
minimal electrocardiographic evidence of de- 
layed activation of the right ventricle (R wave 
in aV,). In patient 2 there was atrioventricular 
dissociation with auricular fibrillation. The 
electrocardiograms in patients 3 and 7 were 
interpreted to show evidence of biventricular 
hypertrophy. The electrocardiograms in })a- 
tients 4 and 6 showed the configuration of riyht 
bundle-branch block in lead Vi (partial right 
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TABLE 2.—Intracardiac Pressures, Arterial Oxygen-Saturation Data, Blood Flow and Shunt Values 
in n Seven Cases of cuannery Stenosis and Ventricular Septal Defect With Left-to- »-Raght Shunt 
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ays gen content minus oxygen capacity when breathing 100 per cent oxygen. 


+ Patient studied under anesthesia. 


t Radial and right ventricular pressures not measured simultaneously. 
§ Small right-to-left shunt found by dye dilution studies. 


bundle-branch block in the latter, with evi- 
dence of left ventricular hypertrophy). In 
patient 5 there was evidence of right ventric- 
ular hypertrophy. 

The patients in group II were quite similar 
to those in group I on clinical grounds, except 
that three of the patients in group II had 
cyanosis and two had clubbing of the fingers. 

The pulmonary arterial shadow was in- 
creased in two patients and normal in two. One 
of the patients in whom the pulmonary arterial 
shadow was normal was found to have a right- 
sided aortic arch. The pulmonary vascular 
markings were normal in three patients and 
decreased in one. 

The electrocardiogram in patient 1 showed 
no definite evidence of ventricular hypertro- 
phy. In patients 2 and 4 there was electro- 
cardiographic evidence of right ventricular 
hypertrophy. In patient 3 there was the pat- 
tern of right bundle-branch block and _ left 
ventricular hypertrophy. 


HeremopyNaAmic Data 


Pulmonary Stenosis and Ventricular Septal 
Defect (table 2). The seven patients with 
pulmonary stenosis and ventricular septal 
Cefects were found to have arterial oxygen 
siturations of systemic arterial blood within 
tie range of normal, while at rest, breathing 
or. The average arterial oxygen saturation in 

ese patients, measured by the method of 
\an Slyke, was 97 per cent (range 95 to 99 per 


cent). In all but one of these patients, the 
arterial oxygen saturation was determined 
while the patient breathed 100 per cent oxygen. 
The average quantity of oxygen in physical 
solution (oxygen content minus oxygen capac- 
ity) found in arterial blood when 100 per cent 
oxygen was breathed was 1.6 volumes per 
100 cc. of blood (range 1.0 to 2.1 volumes per 
cent). Under this circumstance, patient 1 was 
found to have 1.0 volume of oxygen per 100 
ec. of blood in physical solution, which is 
below the range defined by Wood" for normal 
subjects, but the arterial oxygen saturation 
was within normal limits when this patient 
breathed air. It is unlikely that there was a 
significant right-to-left shunt in this patient 
because of the wide difference between systemic 
arterial and right ventricular systolic pressures. 
Also an arterial indicator-dilution curve ob- 
tained following injection of T-1824 into the 
right ventricle while the patient exercised 
failed to show evidence of a right-to-left 
shunt.* In patient 5, on the other hand, there 
was evidence by indicator-dilution curves of a 


* Identification of small right-to-left shunts on the 
basis of minor degrees of desaturation of the systemic 
arterial blood is limited by the range of variability of 
arterial saturation encountered in normal subjects of 
from 94 to 101 per cent by Van Slyke analysis. It is 
possible for a 15 to 20 per cent right-to-left shunt to 
exist in the presence of an arterial oxygen saturation 
within the range of normal. Indicator-dilution curves 
have proved a more sensitive and a more certain 
method of diagnosis." 





PULMONARY STENOSIS AND VENTRICULAR SEPTAL DEFECT 


SUCCESSIVE INTRACARDIAC AND INTRAVASCULAR PRESSURES RECORDED DURING 
MANIPULATION OF CARDIAC CATHETER FROM THE PULMONARY ARTERY TO THE AORTA 


(Male 27 Years-infundibular Pulmonary Stenosis And Ventricular Septal Defect) 
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Fic. 2. Section of photographic record from the cardiac catheterization of patient 2, group I. In 
the upper panel the tip of the cardiac catheter was withdrawn successively from the pulmonary 
artery (1), through a zone of infundibular stenosis (2), into the right ventricle (3) and then advanced 
through the ventricular septal defect (4) into the left ventricle and into the aorta. This record is 
indicative of the presence of a normal pulmonary valve and of infundibular pulmonary stenosis. 
Note the gradient in pressure between the right and left ventricles and the change in the electro- 
cardiogram recorded from the tip of the cardiac catheter as it crosses the ventricular septal defect. 
In the lower panel, pressures were recorded successively in the right ventricle, left ventricle and 
aorta and simultaneously in the radial artery. Note that the radial arterial systolic pressure exceeds 
the simultaneously recorded aortic, systolic pressure. 


small right-to-left shunt at ventricular level 
but 1.9 volumes of oxygen per 100 cc. of blood 
were present in physical solution when the 
patient breathed 100 per cent oxygen. 

The right ventricular systolic pressure was 
elevated above normal levels in each patient. 
The average right ventricular systolic pressure 
was 88 mm. of mercury (range: 52 to 120 mm.) 
and the radial arterial systolic pressure ex- 
ceeded the right ventricular systolic pressure 
in each case. All but one of the measurements 
were obtained from simultaneous records of 
radial arterial and right ventricular pressures 
(fig. 2). The average difference between systolic 


pressures in the radial artery and the right 
ventricle was 41 mm. of mercury.* 

The pulmonary arterial pressure was ele- 
vated above the normal range in some of the 
patients in group I. The average pulmonary 
arterial systolic pressure was 32 mm. of mer- 
cury (range: 18 to 48 mm.). 


* A comparison of radial arterial and right ventric- 
ular systolic pressures does not necessarily reflect the 
pressure gradient between the right and left ven 
tricles. Kroeker and Wood* found that in 12 normai 
male subjects, the peripheral arterial systolic pres 
sure uniformly exceeded the aortic systolic pressur 
generated by the same heartbeat. The average radia! 
systolic pressure was 112 per cent of aortic systolic 
pressure in their series. 
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In each case an attempt was made to define 

e nature of the pulmonary stenosis by 

amining the continuous record of the pres- 

re pulses obtained when the tip of the 
theter was withdrawn slowly from the pul- 

onary artery to the right ventricle (fig. 2). 
|} cessure tracings characteristic of valvular, 

fundibular and combined valvular and 

fundibular stenosis have been described by 

irklin and associates.'® One patient (case 1) 

ypeared to have purely valvular stenosis. 
‘’hree patients (cases 2, 6 and 7) appeared to 
have only infundibular stenosis. Three pa- 
‘ents (cases 3, 4 and 5) appeared to have 
ombined valvular and infundibular stenosis. 

Pulmonary blood flow in each case exceeded 
systemic blood flow and averaged 6.7 liters per 
minute per square meter of body surface area 
(range: 3.9 to 11 liters per minute per square 
meter), while the systemic flow averaged 3.6 
liters per minute per square meter (range: 2.2 
to 5.5 liters per minute per square meter). 
There was a large left-to-right shunt in each 
case, Which averaged 43 per cent of pulmonary 
flow (range: 25 to 60 per cent). Because of the 
criteria of selection of these patients, no right- 
to-left shunt large enough to be detected by 
measurements of blood oxygen saturation 
could be demonstrated. 

Arterial indicator-dilution curves were re- 
corded in each patient by ear oximeter and 
simultaneously by a cuvette oximeter through 
which blood from the radial artery was per- 
mitted to flow following injection of T-1824 
at various sites in the heart and great vessels. 
The dilution curves recorded in all patients 
other than patient 5 had normal appearance 
times and slopes of increasing dye concentra- 
tion, indicating that no right-to-left shunt 
existed in these patients. All of the dilution 
uurves had markedly prolonged slopes of 
leclining dye concentration, indicating left-to- 
ight shunts of considerable magnitude. In 
case 5, an indicator-dilution curve recorded 
ollowing injection of dye into the right ven- 
ricle had a short appearance time and a small 
bnormal initial deflection, indicating a right- 
)-left shunt which amounted to approximately 
5 per cent of systemic flow. This shunt was not 


detectable on the basis of oxygen saturation 
data. 

In two of the patients (cases 2 and 5) the 
cardiac catheter passed from the right ventricle 
into the aorta. 

Patient 7 differed from the other patients in 
certain features. There appeared to be a zone 
of infundibular stenosis which was defined 
when the cardiac catheter was withdrawn 
slowly from the pulmonary artery to the right 
ventricle. The oxygen saturation of the blood 
in the infundibular area was higher than that 
in the outflow portion of the right ventricle. 
For example, the oxygen saturations of intra- 
cardiac blood samples, measured in quick 
succession by the cuvette oximeter on one of 
several occasions, were: pulmonary artery 85 
per cent, infundibular zone 84 per cent, low 
right ventricle 73 per cent, right atrium 70 per 
cent. The radial arterial and aortic pressures 
were 200/45 and 148/57 respectively, when 
recorded simultaneously. In this case the final 
diagnosis rested between pulmonary stenosis, 
ventricular septal defect and aortic insuffi- 
ciency on the one hand, and rupture of an 
aneurysm of a sinus of Valsalva with com- 
munication between the aorta and the outflow 
tract of the right ventricle on the other. 

Pulmonary Stenosis, Ventricular Septal De- 
fect and Atrial Septal Defect. In addition to 
pulmonary stenosis and ventricular septal 
defect, the four patients in group IT have an 
associated defect in the atrial septum (table 
3). In each of these four patients there is a 
left-to-right shunt, but in three of them there 
is a right-to-left shunt in addition. The findings 
for each patient are considered below and 
shown diagrammatically in figures 3 and 4. 


Case 1. The catheter crossed an atrial septal 
defect and passed into the left atrium and left ven- 
tricle. Intracardiac pressures of 9/2 and 79/6 were 
recorded in these positions. Immediately following 
this the catheter was withdrawn to the right atrium 
and advanced into the right ventricle, and pressures 
of 9/4 and 65/5 respectively were obtained at these 
sites. The patient’s hemodynamic status did not 
appear to have changed between observations. The 
cardiac catheter did not enter the pulmonary artery, 
and the diagnosis of pulmonary stenosis depended 
on the presence of a coarse systolic murmur and 
thrill at the pulmonary area and x-ray findings of a 
slight decrease in pulmonary vascular markings 
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TaBLeE 3.—I/ntracardiac Pressures, Blood Oxygen-Saturation Data, Blood Flow and Shunt Values in 
Four Cases of Pulmonary Stenosis With Atrial and Ventricular Septal Defects 


Pressure, mm. Hg 


RV 
out- 
flow 


Low LV 


Radial 
RV LA 


RA artery 


63/6 | 65/5.79/6 9/4 9/2 100/71) 68 
75/6 |106/5| — | 7/3. — |115/67 70 
59/3 | 66/2.84/3 4/311/4 97/62; 73 


lt os 
2 12/8 
3t | 22/13 
4tt 


20/12 106/10 93/8 96/6 10/7,11/7, 103/67, 72 


saturation breathing air 


| Mixed 
venous 
blood 


Blood flow 
index 
L./min./M?2 


% oxygen “ 
fo Ox¥E Arterial 


oxygen,* 
physical 
solution, 
vols. per 
100 cc. 


Oxygen 
radial 
| artery 
Radial 
artery 


RV 


outflow 


| Pulmo- 
nary 


Sys- 


; sys- 
temic 


temic 
flow 


9 | 99 | 0.6 | 2.5) 2.9) 25 
88 | 97 — .7| 2.2) 35 

100 | 2.2 8|6.0| — 
8% | 9 | — 1| 4.8} 40 





* Oxygen content minus oxygen capacity when breathing 99.6 per cent oxygen. 
ye yg \ J 


+ Patient studied under anesthesia. 


t Oxygen uptake estimated from tables of normal values.!” 


associated with right ventricular hypertension. The 
second sound in the pulmonary area, though accen- 
tuated, was single. 

The oxygen saturation of the blood in the right 
ventricle was higher than that in the right atrium, 
indicating the presence of an arteriovenous shunt 
into the right ventricle. While the patient breathed 
air, the oxygen saturation of the right atrial blood 
was not higher than that of vena caval blood; but 
when the patient breathed 100 per cent oxygen, the 
oxygen saturation of right atrial blood exceeded that 
of the caval blood by 5 per cent, giving evidence of a 
left-to-right shunt at atrial level under this cireum- 
stance. 

An arterial indicator-dilution curve recorded 
following injection of T-1824 into the right ventricle 
had a normal appearance time and slope of increas- 
ing dye concentration, showing that there was no 
right-to-left shunt at ventricular level. Dilution 
curves recorded following injection of dye into the 
superior and inferior venae cavae had short ap- 
pearance times and abnormal initial deflections, 
indicating a right-to-left shunt at atrial level. The 
initial deflection in the curve recorded following the 
inferior vena caval injection was larger than that 
recorded following the superior caval injection. It 
was estimated that 25 per cent of inferior caval 
blood and 20 per cent. of superior caval blood 
traversed the defect. The difference in the relative 
magnitudes of the shunts from each cava, as demon- 
strated by Swan and co-workers," strongly favors 
an atrial septal defect as the site of the right-to-left 
shunt in this instance. These dilution curves are 
also consistent with a left-to-right shunt of con- 
siderable magnitude. A dye-dilution curve recorded 
following injection of dye into the left ventricle had 
a normal appearance time and slope of increasing 
dye concentration for this site of injection. The slope 
of declining dye concentration was less steep than 
would be expected from the initial portion of the 
curve, indicating a left-to-right shunt at or distal 
to the left ventricle. This dilution curve is compat- 


ible with the finding of a higher oxygen saturatic. 
in the right ventricle than in the right atrium. T)\ 
curve recorded following injection into the 
atrium is characterized by a more abnormal slope 
of declining dye concentration and suggests tli 
presence of a left-to-right shunt at atrial level. 


Case 2. The left side of the heart was not cathe- 
terized in this patient. The blood oxygen saturation 
in the right atrium was found to be higher than that 
in the venae cavae and the saturation in the right 
ventricle was slightly higher than that in the right 
atrium. This was evidence for the existence of 
left-to-right shunts at both atrial and ventricular 
levels. 

Spontaneous fluctuations in oxygen saturation 
were present in this patient and affected the record- 
ing of dilution curves of T-1824. When dye was 
injected into the right pulmonary artery the result- 
ant curve showed a normal appearance time and 
slowed build-up and disappearance phases. When 
dye was injected into the venae cavae and right 
ventricle the resultant curves had short appearance 
times and abnormal initial deflections, demonstrat- 
ing the existence of a right-to-left shunt. There was 
no substantial difference in the initial deflections 
in the dilution curves recorded following the caval 
injections, as had been noted in case 1, and these 
deflections were not larger than the initial deflection 
in the dilution curve recorded following the right 
ventricular injection. This demonstrated that a 
large right-to-left shunt existed at ventricular level 
and did not support but did not completely exclude 
the presence of a right-to-left shunt at atrial level. 


Case 3. Pressures were measured in all four 
chambers of the heart. As in case 1, the cardiac 
catheter passed through an atrial septal defect. The 
pressures obtained were as follows: right atriw 
5/3, left atrium 9/4, right ventricle 66/2 and le : 
ventricle 83/3 mm. of mercury. The blood oxyge 1 
saturation was found to be higher in the rig] 
atrium than in the venae cavae and higher in t! 
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Fig. 3 Fia. 4 


Fic. 3 (left) and 4 (right). Representation of the heart and circulatory system for patients 
in group II. The chambers of the heart are designated: R.A., right atrium; L.A., left atrium; R.V., 
right ventricle and L.V., left ventricle. The great vessels are designated: 8.V.C., superior vena cava; 
I.V.C., inferior vena cava and P.T., pulmonary trunk. The numerals inscribed in the chambers of the 
heart or the vessels indicate the per cent oxygen saturation as measured by the cuvette oximeter. 
The arterial indicator-dilution curves are reproduced to the left of the figure, commencing at the 
instant of injection of the indicator. The site of injection is inscribed above the beginning of each 
curve. See the text for a more detailed discussion of the dynamic situation present in each case. 

Fic. 3a (patient 1). Blood oxygen-saturation data indicated that a right-to-left shunt existed at 
atrial level and a left-to-right shunt existed at ventricular level. Indicator-dilution curves supported 
this conclusion and provided evidence of a small left-to-right shunt at atrial level. 

Fia. 3b (patient 2). Blood oxygen-saturation data showed left-to-right shunts to exist at both 
atrial and ventricular levels, and indicator-dilution curves demonstrated a large right-to-left shunt 
at ventricular level. 

Fic. 4a (patient 3). Blood oxygen-saturation data showed that left-to-right shunts existed at 
both atrial and ventricular levels. Indicator-dilution curves showed that no right-to-left shunts 
existed. The indicator-dilution curve recorded following injection of T-1824 into the left ventricle 
showed that a left-to-right shunt existed at that level. 

Fria. 4b (patient 4). Blood oxygen-saturation data showed that left-to-right shunts existed at both 
atrial and ventricular levels. Indicator-dilution curves demonstrated right-to-left shunts at both 


atrial and ventricular levels and supported the existence of a left-to-right shunt from the left ven- 
tricle. 


ight ventricle than in the right atrium. This was declining dye concentration, showing that a large 
vidence for left-to-right shunts at both levels. left-to-right shunt existed. A dye-dilution curve was 
Indicator-dilution curves recorded following also recorded following injection into the left ven- 

‘njection of dye into the venae cavae and the right tricle. The appearance time and slope of increasing 
entricle had normal appearance times and normal dye concentration were normal, but there was 
lopes of increasing dye concentration, showing that marked prolongation of the slope of decreasing dye 
lere was no right-to-left shunt in this patient. The concentration, compatible with a large left-to-right 
irves all had prolonged and flattened slopes of shunt from or distal to the left ventricle. 
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TaBLE 4.—Comparison of Intravascular Systolic 
Pressures in 26 Normal Subjects,!® 11 Patients With 
Tetralogy of Fallot'® and Seven Patients With Pulmo- 
nary Stenosis, Ventricular Septal Defect and Arterio- 
venous Shunts 


Right 
Pressure, mm. Hg ven- Radial 
tricle artery 
_ _neaeeeessen minus minus 
Right | Pulmo- ._,| Pulmo-| right 
ven- nary Radial nary | ventricle 
tricle | artery |@*teTY | artery 


Present series.....| 89 131 58 | 42 
Tetralogy of Fallot) 104 118 | 87 14 
Normal subjects*.| 27 | 2: 135 5 | Not 
rele- 
vant 
* Pressures are averaged from series and do not 
necessarily indicate the exact magnitudes of the 
gradient of pressure across the pulmonary valve in 
the normal subjects. 


Case 4. Pressures were measured in all four 


chambers of the heart as in cases 1 and 3. In contrast 
to the other patients, the hemodynamic status in 
this patient underwent alteration during the course 
of study, owing to the occurrence of episodes of 
nodal rhythm. The pressures in the atria were found 
to be virtually identical when recorded in quick 
succession, averaging 10/7 and 13/6 when the rhythm 
was normal and nodal respectively. The ventricular 
pressures were also considered to be nearly identical. 
The oxygen saturation of the blood in the right 
atrium was slightly higher than that in the venae 
vavae, and a further increase in oxygen saturation 
was found in the right ventricle, demonstrating left- 
to-right shunts at both levels. 

Dye-dilution curves recorded following injection 
of T-1824 into the venae cavae and right ventricle 
had short appearance times and abnormal initial 
deflections. The dilution curve recorded following 
injection of dye into the right ventricle indicated 
that approximately 20 per cent of the systemic 
blood was shunted from the right ventricle. The 
caval curves indicated that approximately 35 per 
cent of systemic blood was shunted from the venae 
cavae or sites distal thereto. As in case 1, the initial 
deflection recorded following the inferior caval in- 
jection was larger than that recorded following the 
superior caval injection. A dilution curve recorded 
following injection of dye into the left ventricle was 
similar in contour to that obtained from this injec- 
tion site in case 1, supporting the evidence for a 
left-to-right shunt from the left ventricle. 


COMMENT 


The important determinants of the direc- 
tion of flow across a ventricular septal defect 


are the pressure differential between th 
ventricles and the size of the defect. A majo 
factor controlling right ventricular pressure i 
the resistance to pulmonary flow. In patient 
with pulmonary stenosis the main resistance t 
pulmonary flow is proximal to the lungs, at 

stenotic pulmonary valve or in the outfloy 
tract of the right ventricle. Variation in th 
relative magnitudes of the resistances t 
pulmonary and systemic blood flow in thes 
patients allows most of the intermediat: 
hemodynamic situations to exist ranging fron 
pure left-to-right shunting, seen in the case 
of this report, to predominant right-to-lef 
shunting, as seen in the more classic cases 0 
tetralogy of Fallot. 

The basic cardiac malformations in th: 
patients in group I have a certain resemblance 
to the hearts of patients with tetralogy of 
Fallot as noted by Moffitt and associates* in a 
group of similar patients. In spite of the 
anatomic similarity of the congenital anomalies, 
increased pulmonary blood flow is a feature of 
the hemodynamic state in these patients, and 
they may be properly designated as examples 
of acyanotic congenital heart disease. Com- 
parisons were made between the present group 
of patients, a series of patients with tetralogy 
of Fallot'® and a series of normal subjects! 
studied by cardiac catheterization in this 
laboratory (table 4). Several interesting fea- 
tures are apparent. In the patients presented 
in this paper the average pulmonary arterial 
systolic pressure exceeded that pressure in the 
patients with tetralogy of Fallot and also in the 
normal subjects. This suggests that the 
pulmonary arterial systolic pressure is a func- 
tion of the pulmonary blood flow. However, 
comparing the present series of patients with 
the cases of tetralogy of Fallot, there was a 
smaller pressure gradient across the pulmonary 
valve (58 versus 87 mm. Hg) in the presence of 
a greater pulmonary blood flow (6.7 versus 
2.3 L. per mmute per square meter). The 
degree of pulmonary stenosis in the present 
series of patients must be relatively mild. 
Barratt-Boyes and Wood" have demon 
strated a small systolic pressure gradient be 
tween the pulmonary artery and the righ 
ventricle in normal subjects. 
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A considerable pressure gradient existed 
(. verage 42 mm. Hg) between the right ventric- 
; ar systolic pressure and the radial arterial 
s stolic pressure in the present series, whereas 

ere was a much smaller difference between 

ese pressures in the patients with tetralogy of 
allot (average 14 mm. Hg). The radial arte- 
al systolic pressures in the patients with 
tralogy of Fallot averaged 114 per cent of the 
: ght ventricular systolic pressures. It is inter- 
ting to note that Kroeker and Wood! found 

\dial arterial systolic pressures to be 112 per 
cent of aortic systolic pressures in a series of 
normal subjects. 

When the subject of pulmonary stenosis and 
ventricular septal defect is considered, the 
relation of the origin of the aorta to the right 
ventricle is of interest. The aorta was cathe- 
terized in two of the seven patients in group I 
of the present series and in 10 of the 21 cases of 
tetralogy of Fallot.'’ Chapman and associates”° 
considered overriding of the aorta a diagnosis 
to be made only at necropsy. Gordon and 
associates"! believed that overriding of the 
aorta could be diagnosed if a cardiac catheter 
passed into the aorta. This conclusion is not 
necessarily correct. As was shown by Eisen- 
menger” in dog hearts and by Edwards and 
associates’ in the human heart, if an artificial 
defect is made in the membranous portion of 
the ventricular septum of a normal heart, the 
aorta communicates directly with both ventri- 
cles and a probe or cardiac catheter can be 
passed from the right ventricle into the aorta. 

The four patients in group IT were included 
in this report because they satisfied the basic 
criteria for selection in that they had _ pul- 
monary stenosis, ventricular septal defect and 
left-to-right shunt. It is felt that anatomically 
the four patients resembled each other but 
their circulatory dynamics were quite dissimi- 
lar. The nature of the disorder in these four 
patients is complex and a description of the 
hemodynamic as well as the anatomic situation 
is necessary for an adequate assessment of the 
ondition. Any decision about the form of 
reatment to be used in patients such as these 
hould be based largely on hemodynamic 
onsiderations. 


SUMMARY 


Clinical and hemodynamic data have been 
presented in 11 cases of pulmonary stenosis 
and ventricular septal defect with left-to-right 
shunt. Four of these patients also had inter- 
atrial communications and three of these had 
bidirectional shunts. 

The clinical diagnosis depends primarily on 
the diagnostician’s being aware of the possible 
existence of a left-to-right intracardiac shunt 
with increased pulmonary blood flow in the 
presence of signs of pulmonary stenosis. All 
except one of the first seven patients had a 
harsh systolic murmur and thrill in the pul- 
monary area. The pulmonary arterial shadow 
was increased in all except one of these pa- 
tients. Other physical signs, the pulmonary 
vascular markings and the electrocardiograms 
were more varied. 

The technic of selective injections of T-1824, 
used in conjunction with measurements of 
blood oxygen saturation in the chambers of the 
heart and great vessels by cuvette oximeter, 
was of great value in the definition of the level, 
direction and magnitude of intracardiac shunts. 
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SUMMARIO IN INTERLINGUA 


Patientes con stenose pulmonar e defecto 
ventriculo-septal ha usualmente un dextero- 
sinistre derivation intracardiac. Le presente 
reporto offere datos hemodynamic e clinic in re 
11 patientes qui ha stenose pulmonar, defecto 
ventriculo-septal, e sinistro-dextere deriva- 
tiones. Quatro de iste patientes ha etiam de- 
fectos in le septo atrial, e tres ha demonstra- 
bile derivationes ambidirectional. Le nivello e 
le direction del derivationes esseva determinate 
super le base de datos de saturation oxygenic 
del sanguine e de studios de dilution de injec- 
tiones indicatori. Le selection del forma de 
tractamento pro patientes del typo hic dis- 
cutite debe esser basate in grande mesura super 
considerationes hemodynamic. Multes resimila 
patientes con tetralogia de Fallot post succedite 
valvulotomia pulmonar. 
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Studies Made by Simulating Systole at Necropsy 


VII. Clinical Methods for Estimating the Work of the 
Left Ventricle. 


With a Note on the Diminution of Heart Work as Age 
Advances 


By Isaac Starr, M.D.,S. 1. Askovitz, M.D., W. Fever, M.D. anp A. Scuip, Pu.D. 


“Left ventricular’ work can be estimated with great accuracy in cadaver experiments in which both 
pressure curves and curves of cardiac output at each instant of systole were recorded. Using these 
accurate estimates as a target, methods have been sought which would permit the estimation of 
cardiac work from measurements which could be made in the clinic and the accuracy of such 
methods has been assessed. A method of approximating the left ventricular work has been devised 
which is so simple that it could be used by any doctor practicing medicine. 


HERE can scarcely be any doubt that 

knowledge of the heart’s work is the 

most important single aspect of any 
quantitative assessment of cardiac function 
and that if one could estimate heart work with 
reasonable accuracy, it would lead to a better 
understanding of heart disease. Cardiac output 
is of importance because it is the concern of 
the rest of the body, but noncardiac factors, 
such as changes in vascular resistance, greatly 
influence the relation of cardiac work to out- 
put. The senior author’s interest in this 
problem has extended for many years’; indeed, 
his long concern with cardiac output methods 
has stemmed largely from the fact that such 
results would permit rough estimations of 
cardiac work. 

Most textbooks of physiology discuss the 
heart’s work,’ but this aspect of cardiac per- 
formance has received little attention in the 
clinical literature, doubtless because methods 
of estimating it, well suited to the clinic, have 
iot been available. This study aims to pro- 
vide such methods. 


From the Department of Therapeutic Research of 
the Medical School of the University of Pennsylvania, 
hiladelphia, Pa. 
This work was supported by research grant 625 C 
to 5) from the National Heart Institute of the 
ational Institutes of Health, United States Public 
ealth Service. 


Indeed, the formula most frequently em- 
ployed by physiologists for estimating cardiac 
work gives only an approximation of the true 
value. It is as follows: 


Mv 


2g 


Work = QR + (a) 
Where Q = volume of blood expelled from the 
heart per beat, R = resistance, usually ex- 
pressed as mean blood pressure in mm. Hg 
X 13.6, v = velocity of blood at the root of 
the aorta, M = mass of blood, and g = ac- 
celeration due to gravity. The second term on 
the right side of equation (a) represents the 
work done in imparting velocity to the blood, 
and M is usually taken as the cardiac output 
in ec. times the specific gravity of blood. In 
resting subjects this term represents so small 
an amount of the total cardiac work performed 
that it is usually neglected. In our old studies,! 
it seldom exceeded 2 per cent of total work. 
Additional terms have been suggested for 
cardiac work equations,’ but of small magni- 
tude and often difficult or impossible to esti- 
mate, these have been usually neglected also. 

It has long been realized that the calculation 
of work from cardiac output and mean blood 
pressure by formula (a) might involve large 
errors. The main error is involved in the as- 
sumption that the output and pressure can 
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be multiplied together without regard to 
time. To secure a correct estimate of work, 
the flow at every instant must be multiplied 
by the resistance at that instant, and the 
curve of cardiac ejection, instant by instant, 
has seldom been recorded. In hearts with a 
single ventricle, such as in the frog and turtle, 
the measurement has been made. Many years 
ago Otto Frank*® obtained such curves for the 
isolated frog heart and estimated work by 
this means. Later Katz‘ secured similar curves 
by enclosing the isolated turtle heart in a 
volume recorder, and he also estimated work. 
But similar estimates of work are much more 
difficult to secure from mammalian hearts 
beating in situ, for volume recorders then con- 
tain both ventricles and so record the sum of 
the outputs of both at each instant, and this 
value cannot be used with the pressure in 
either pulmonary artery or aorta at the same 
instant, in a calculation of work, without 
introducing errors which might be large. 

In a series of experiments performed on 
fresh cadavers in this laboratory by Starr, 
Schnabel and Mayock,*: ® systole was simu- 
lated at necropsy. From two of the records 
obtained, the cardiac ejection curve and central 
blood pressure, it was possible to estimate the 
work of each “systole” as work was defined by 
Newton, by multiplying pressure and the 
differential of volume instant by instant and 
taking the integral of the result, a method 
which we have no hesitation in claiming to be 
far more accurate than any which can be 
applied to living man or mammals. Also, the 
same two curves gave us data from which 
work could be estimated in the usual way, by 
formula (a). 

The remaining two curves of our records, 
peripheral blood pressure and the _ballisto- 
cardiogram, provided measurements of a type 
which could be made on any patient in the 
clinic. Therefore, with the accurate values of 
work estimated from the first two curves as a 
target, we have sought the best means of 
estimating left ventricular work from measure- 
ments that could be made by doctors working 
in the clinic. The mathematical analysis of the 
data required for this purpose was undertaken 
by the three younger collaborators of this 


paper who were well fitted both by training 
and inclination to carry out this difficult anc 
exacting task. Dr. Askovitz acted as adviso; 
and coordinator of this part of our work. 

The principle underlying the mathematic 
which will determine the best method, define:: 
as that method in which the sum of the square 
of the errors is at a minimum, has long bee 
known; and such computations, formerly o 
only limited value to medical investigator 
because they were so laborious to carry out 
have become an important tool in medica 
research since the development of the electri: 
computing machines. Thus, although the 
details of our mathematical methods may not 
be understood by many doctors, both the ain 
and the result can be readily comprehended 
by everyone. We aimed to produce a clinical 
method of estimating the work of the heart, a 
method of reasonable accuracy and of such 
simplicity that it could be used by any doctor 
practicing medicine, and we believe that we 
have come close to this goal. 

Finally, after devising a simple method for 
estimating left ventricular work from blood 
pressure, we have estimated such work from 
published data on the average blood pressure 
of large groups of the population, and so de- 
termined the changes in the average heart 
work of healthy persons as age advances. The 
results show clearly that, as age advances, the 
average work performed by the heart at each 
beat diminishes markedly, and at the age of 
60 the average cardiac stroke work is about 
two-third of that at 20 years. 


MATERIAL AND METHODS 

The physical characteristics and necropsy 
findings of the cadavers used have already 
been reported®: *7 and the method of simu- 
lating systole has been described in detail.*: ° 
The experiments themselves were performed 
by Starr, Schnabel and Mayock. In brief, large 
cannulas were placed in the aorta and pul- 
monary artery and, after a diastolic pressure 
had been imparted by perfusion into a femoral 
artery, systole was simulated by injecting into 
these large arteries from syringes, the position 
of the pistons of these syringes being recorded 
continuously by an optical system. The record 
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consisted of four curves recorded simultane- 
«isly; the cardiac ejection curve, curves of 
ood pressure in the aortic arch and femoral 
-rtery, and the ballistocardiogram. These 
cords were carefully tested for alignment. 
xamples have been illustrated in previous 
ublications.* ® 

Such records were obtained from two groups 

f experiments, those in which the cadavers 

‘ere perfused with blood and those in which 
hey were perfused with water. The former 

roup comprised 53 ‘‘systoles” in six cadavers. 
[hese experiments most closely reproduced 
onditions occurring during life and they were 
»erformed at the end of our long series, after 
our technique had been brought to its highest 
yoint. Therefore, in this presentation, the chief 
emphasis will be placed on the data secured 
from these experiments, although we shall also 
refer to results secured on a sample of 63 
“systoles” secured in six cadavers perfused 
with water. The physical characteristics and 
the necropsy findings in this latter group have 
also been published.? One subject, P. L., 
occurs in both groups having been perfused 
with water in some “systoles’, with blood in 
others. 

Cardiac Work Estimates: Before designing 
our attack on the work of the heart, we had 
a philosophical problem to consider, for we 
must define our target. We must ask ourselves 
what the heart’s work consists of, and how 
this was to be expressed to yield values of the 
greatest usefulness. We do not regard this 
question as closed. 

The senior author has long been interested 
in the problem of the mathematic expression 
of muscular work® and he believes that there 
are many advantages in expressing it as the 
integral of the product of mass and accelera- 
tion, the latter measured with the acceleration 
due to gravity as base line. Cardiac work could 
be expressed this way also. However, the chief 
advantage of the newer system is that static 
and dynamic work are measured in similar 
erms, and the heart’s work is altogether dy- 
iamic as the pressure load during diastole is 
aken off the heart muscle by the valves. So 
he advantage of the new system, as an expres- 
ion of cardiac work, would be problematic, 


and also, in order to apply it, our cardiac 
ejection curves would have to be differentiated 
a second time and this would markedly increase 
the error of the estimate. For these reasons, 
we have contented ourselves with the classic 
Newtonian method of expressing cardiac work 
in this paper, and we will use those values as 
our target. 


The task of estimating Newtonian work by in- 
tegration of the 53 curves secured on “systoles” 
produced by injections of blood, was undertaken by 
Dr. Feder. As a first step in these estimates, the 
“cardiac” ejection and aortic pressure curves were 
enlarged by means of a pantograph and then meas- 
ured. From these measurements, work was esti- 
mated, the theory underlying the procedure being 
as follows: 

The concept of work done by a force in displac- 
ing a body is a basic one in the study of dynamics, 
and is generally defined as the product of the dis- 
placement undergone by the body, times the com- 
ponent of the force in the direction of the displace- 
ment. Whenever force and displacement have the 
same direction in common, then work equals simply 
force times displacement. Now it is shown in prac- 
tically all texts of calculus or physics that in the 
sase of a rigid piston and cylinder arrangement, the 
total work can be expressed in terms of pressure 
(P) and volume (V) changes by means of the for- 
mula W = {fP dV, or if P and V can both be ex- 
pressed in terms of time (¢), then: 


fie » av 
W= iE 7 dt (b) 


In the cadaver experiments, the values of P and 
V were recorded graphically in terms of time, and 
were therefore available for the evaluation of the 
integral (b). However, it must be remembered that 
the formula is true strictly for a rigid tube only, and 
also does not take into account changes in kinetic 
energy. Nevertheless, the integral does represent by 
far the major portion of the effective cardiac work. 

The problem of determining the numerical value 
for the integral from the graphical data was ap- 
proached in several ways. The first technic in- 


2k iV ; 
volved estimating #3 from the graph of V, then 


5 ; dV 
tabulating corresponding values of P and 2 The 
a 
dV 
values of P a were next calculated, and a new graph 


s d\ : : 
prepared charting P - it against time. The area under 
at 


the curve, as measured by a planimeter, gives the 
desired integral. It might be remarked at this point 
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that the pressure here is an absolute value, and that 
attention must be paid to using the proper units. 

A second method, depending upon the composite 
plotting of P and V on the same graph, was then 
tried. This graphic representation of cardiac work 
was described by Straub,!° although it does not ap- 
pear to have been employed for numerical calcula- 
tions. The details of our method of estimating work 
by this means are set forth in figure 1 and its legend. 
For any particular value of time ¢, the x- and y- 
coordinates of a point E on the composite P-V graph 
are equal to zz = BD = V(t) and Yg = AC = P(t), 





Frag. 1. An illustration of the graphic method used 
for estimating cardiac work by evaluating fPdv 
from the recorded pressure-time and volume-time 
curves. 

After making four quadrants by drawing X and 
Y axes, one proceeds as follows: 

(1) Reproduce the recorded pressure-time curve 
in the upper right-hand quadrant, to any convenient 
seale, with time plotted toward the right and increas- 
ing pressures upward. The heavy line in the right 
upper quadrant is the reproduction of such a curve. 

2) Transcribe the recorded volume-time curve 
into the lower left-hand quadrant, to any convenient 
scale, with time plotted downward and increasing 
volumes toward the left; this reversal of the usual 
orientation is best achieved by tracing from the re- 
verse side of the original volume-time curve, with 
thin tracing paper and illumination from below. The 
heavy line in the left lower quadrant is the reproduc- 
tion of such a curve. 

(3) After choosing suitable intervals of time, 
mark them as a series of points on the time-axis (OX) 
of the pressure-time curve, and mark corresponding 
points on the time-axis of the volume-time curve, 
(e.g. B corresponds with A in time). 


so that Work = {PdV = fydx = Area under or 
surrounded by the P-V curve. Although less direct 
than the first method, the P-V diagram technique 
proved to be considerably easier to carry through, 
and it was therefore used exclusively for all the fina’ 
calculations. 

The integrations thus calculated by Dr. Fede: 
compute with exactitude the work performed ir 
raising the pressure. That performed in imparting 
velocity to the blood, represented by the secon 


: ; ; Mv? 
term of the right side of equation (a), — was cal 


culated by Dr. Schild for each of these experiments 
Knowledge of the internal diameter of the tip of the 
glass aortic cannula permitted him to estimate 
linear velocity at the orifice. M, the mass moved, is 
usually estimated from the stroke volume and th« 
specific gravity of blood. When the estimates were 
made in this way, it became obvious that the work 
thus represented was negligible in our experiments, 
being always less than 2 per cent of the total. But we 
believe that M, the mass moved at any instant, is in 
all probability much larger than the stroke volume, 
as blood is pushed on ahead of that issuing from 
the heart during ejection. We see no simple way of 
determining this quantity and so we have not at- 
tempted to correct the usual estimate of the velocity 
component of cardiac work, which we believe to 
be too small. But we see no reason to doubt that the 
first term of the right side of equation (a) represents 
the great bulk of the heart’s work. Indeed, in the 
first part of the statistical analysis, Dr. Schild com- 
pared the results secured by both the inclusion and 
omission of the velocity component and found no 
material difference in the correlation; so we have 


(4) For each time point on the X axis (e.g., A on 
the diagram), draw a vertical line upward to the 
pressure curve (AC); from each of the corresponding 
time points on the Y axis (e.g., B on the diagram) 
draw a horizontal line to the left to the volume- 
curve (BD). 

(5) From each point of the intersection with the 
pressure curve, (e.g., at C) draw a horizontal line to 
the left, and from the corresponding point of inter- 
section with the volume curve, (e.g., at D) draw a 
vertical line upward. Extend each of these lines until 
they meet (e.g., CE and DE at E). 

(6) Repeat this process for the entire series of 
time-values, and sketch a smooth curve through the 
points of intersection so obtained, in the upper left- 
hand quadrant; this derived curve is shown as the 
heavy line in the left upper quadrant. 

(7) Estimate the magnitude of the area under this 
‘“pressure-volume”’ curve by any suitable method 
(counting squares, mechanical planimeter, linear 
map-measure, integration formulas, or direct graphic 
methods)’ This area represents the integral, {Pdv, 
and so it is the measure of work. 
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‘aBLE 1.—‘‘Left Ventricular’? Work calculated as Pdv from Continuous Aortic Arch Blood Pressure and Cardiac 


Ejection Curves during the Simulation of Systole in Cadavers Perfused with Blood 
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neglected this part of the heart’s work in the results 
to be reported here. 


Cardiac work was thus estimated by in- 
tegration of the curves secured in 53 simulated 
systoles performed in six cadavers, in all of 
which blood had been used as perfusion fluid. 
These results are given in table 1. These data 
may be compared with measurements of the 
blood pressures and ballistocardiograms secured 
in the same experiments, which have been 
published previously.®» © One omission deserves 
comment. Work was not estimated by Dr. 
Feder from the curves of the second systole 
of subject H. Z. through an oversight. The 
record of this “systole”, mounted to provide 
an illustration for a previous publication, had 
been stored in a different place and its absence 
was not noticed until the statistical analyses 
had been largely completed. There seemed no 
reason to undertake the extra labor which 
would have been required to insert this item 
into the data at that time. When work is 
calculated approximately by formula (a), the 
relations found in H. Z. 2 are similar to those 
of the rest of the data. 

Before turning the data over to Dr. Schild 
for statistical analysis, the question of omit- 
ting those secured in certain less perfect ex- 
periments was raised. In a previous study of 
methods of estimating stroke volume from 








Subject and . i | 
“Systole” No. Gm.M. Work 


J.W. 39.9 


Subject and 
“Systole’’ No. 


M.L. 1 68 
2 47 
75 


Gm.M. Work 


“3 
40.9 | 9 
37.8 ; 0 
33. 84.3 
56.6 | : 22.4 
46.5 | j 13.1 
48. | 41.5 
61.7 | ¢ 66.4 
13. 

| | 68.8 
56.: | 2 
62.: 
46.: 
54. 
88.8 








blood pressure, the statistical analysis was 
performed twice, both with and without the 
inclusion of data from several less perfect ex- 
periments and the results secured by the latter 
method were preferred. In this analysis of 
data pertaining to work, we have been some- 
what more rigid and we have not omitted any 
results except for most obvious reasons, such 
as the following. Of the experiments in which 
blood was used as perfusing fluid, we could 
not use three experiments, those in which 
curves of pulmonary artery pressures were 
secured, because no record of central blood 
pressure was taken. We also thought it wise to 
omit “systoles” 10 and 11 in J. W. and 5 in 
M. M. because the durations of ‘‘systole’’ so 
far exceeded that ever found during life, their 
theoretical pulse rates being 20 per minute or 
less. The five ‘“‘systoles” secured in P. L. pro- 
vided good blood pressure data, but the bal- 
listocardiograms were imperfect—all of them 
lacked an I wave—so these data were used 
only in relating work to the blood pressure 
alone. After these omissions, there remained 
50 “‘systoles” from which work could be re- 
lated to blood pressure alone and 45 from 
which work could be related to the ballisto- 
cardiograms, all coming from experiments in 
which blood was used as perfusion fluid. From 
these data, our chief conclusions will be 
drawn. 
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In the experiments in which cadavers were per- 
fused with water we also had a wealth of other data 
against which these conclusions could be tested. The 
technical deficiencies of these ‘‘water”’ experiments 
have been described in detail.’ Theoretically, dif- 
ferences in viscosity between water and blood would 
result in different pressure-flow relationships. When 
water was used, aortic pressure fell so rapidly after 
perfusion stopped that, to secure normal diastolic 
pressures at the onset of ‘systole’, we were forced 
to continue the femoral perfusion during systole; 
so the amount of fluid entering the aorta during 
systole exceeded that measured in the syringes. This 
error was certainly negligible when low aortic pres- 
sures were sought, but of larger magnitude when, to 
secure hypertension, we had to force water into the 
femoral artery under pressure. When blood was used, 
pressure was so much better maintained after per- 
fusion was stopped, that we had no difficulty secur- 
ing normal or hypertensive diastolic pressures at 
the onset of systole, although femoral inflow was 
always terminated just before “‘systole’’. 

Also, in these water experiments the technic of 
securing good records of blood pressure was mas- 
tered before that of regularly securing perfect bal- 
listocardiograms, and these records were unsatis- 
factory in many of the early experiments. 

For these reasons it did not seem worthwhile to 
undertake the labor of estimating true work by in- 
tegration in these ‘‘water’ experiments, but work 
could be readily approximated from the stroke vol- 
ume measured in the syringes and the pressure in 
the root of the aorta by means of formula (a) with- 
out the velocity component. So, despite their tech- 
nical differences it seemed well worth while to com- 
pare the data secured in the water experiments with 
the conclusions drawn from the blood experiments 
in so far as the relation of work to peripheral blood 
pressure was concerned. 

The sample chosen for this study from the data 
of subjects perfused with water differed somewhat 
from that used in a previous study.’ In the present 
study the results secured in E. L. were omitted be- 
cause, in this experiment alone, the carotid arteries 
were tied off, a difference of technic which might be 
expected to change the pressure-flow relationships, 
although in fact, the great majority of the values 
found conform with the rest of our data. In the 
former study, we rejected data from several ‘“sys- 
toles” conducted in high hypertension both because 
of the technical difficulty mentioned above, and 
with the thought that the resulting pulse pressures 
were so large, or the blood pressure so high that 
such values were not to be expected during life; in 
the present sample no data have been rejected for 
such reasons. So, except for the omission of data se- 
cured in 2 systoles which could not be checked be- 
cause a photograph, originally faint, faded out with 
the passage of time, all the 63 samples of our last 
series are consecutive, which is of itself ample 


demonstration that the technique of recording blood 
pressures had been mastered. 

Finally, we must discuss the method of estimating 
the mean blood pressures used in our calculations of 
work made without integration. Our first inclina 
tion was to estimate mean blood pressure by thx 
simplest possible method as follows: 


Mean pressure 
(systolic pressure + diastolic pressure) 


2 


(e 


diastolic pressure being taken as the low point o 
pressure existing just before the onset of systole 
and systolic pressure as the highest point attained 
by the pressure curve during systole. When mean 
pressure is thus estimated the value exceeds the 
mean of the integral of the aortic pressure curve. But 
in estimating the heart’s work, one is not concerned 
with aortic blood pressures existing during diastole, 
but only with those existing during ejection. The 
mean pressure of that part of the pressure curve to 
which the contracting heart is exposed is certainly 
higher than the mean of the whole pressure curve to 
which the arteries are exposed. Therefore, we tried 
another simple formula believed to yield a result 
closer to the mean value of the changing pressure of 
the systolic portion of the pressure curve, as follows: 


Mean pressure 
ae pe (d) 
sl ( 
3 


However, when we used this formula we found no 
improvement in the regressions which measured our 
ability to estimate work, so we returned to the use 
of formula (c) because of its slightly greater sim- 
plicity. 


RESULTS AND DISCUSSION 


All our results deal with what has been 
called the external or effective work of the 
left ventricle, and this has been estimated from 
our data in many ways. For convenience of 
expression, we propose to designate as “‘true” 
work the values secured by integration, while 
the values estimated without integration, from 
the product of stroke volume measured in the 
syringes and mean central blood pressure, will 
be called approximate work. The results secured 
from estimations made from ballistocardio- 
grams and peripheral blood pressure, or from 
peripheral blood pressure alone, that is, from 
data of a type readily available to clinicians, 
will be called clinical estimates of work. We 
shall concern ourselves solely with work per 
beat in this paper. 
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ESTIMATED 
WORK Gm.™. 


' 160 ' ' 260 
TRUE WORK cum. 


Fic. 2. Tests of the simple method of estimating 
work most commonly used by physiologists. The 
estimate (vertical axis) is made from the product of 
stroke volume, measured in the syringes, and mean 
blood pressure, taken in the root of the aorta. The 
points shown represent data secured on 6 subjects 
perfused with blood. Data secured on the different 
subjects are represented as follows: squares, M. L.; 
triangles, H. Z.; circles, P. L.; dots, R. R.; crosses, 
J. W.; x’s M. M.; The solid line is the calculated 
best line corresponding with regression no. 76 of 
table 2. The correlation coefficient between the 
estimate and true work is 0.95. 


pressures were 237/119 and 233/132, the two 
smallest 68/31 and 90/20 mm. Hg; the two 
highest theoretic pulse rates were 400 and 
207; the two smallest, 25 and 40 per minute; 
so the values covered a wide range in these 
experiments also. 


Tests of the approximation formula: Work = QR 


Our first step was to determine the accuracy 
of the approximation usually used in the 
estimation of the heart’s work. Approximate 
work can be calculated both from blood 
pressure taken at the root of the aorta and 
from peripheral blood pressure. The dot 
diagram relating true work to the approxima- 
tion calculated from stroke volume and central 
blood pressure is given as figure 2 and this 
regression equation is given as equation 76 of 
table 2.* From these results it is evident that 
work calculated from formula (a) either with 
or without the second term is, indeed, only an 
approximation of true work, but it is a good 
approximation. Katz,‘ in experiments on iso- 
lated turtle hearts, also found the error of a 
similar approximation of cardiac work to be 
large, averaging —7 per cent and ranging from 
+123 per cent to —37.8 per cent. Frank,* 


TABLE 2.—Regression Equations Relating ‘‘True’’ Left Ventricular Work Determined by Integrating the Flow 
and Pressure Curves with Estimates Made from Stroke Volume Measured in the Cadaver Experiments Multiplied by 


Mean Central or Peripheral Blood Pressure 


Equation 


No. Equations 


True Work (Gm.M.) = —8.83 + 0.93 (Stroke volume cc.) (mean aortie B.P. mm.Hg) (13.6) 10.9 
(107%) 

True Work (Gm.M.) = —6.37 + 0.89 (Stroke volume cc.) (mean femoral B. P. mm. Hg) (13.6) 12.0 
(107%) 


In the 50 ‘“‘systoles” produced by injections 
of blood, the true work ranged from 13.1 to 
193.9 Gm.M. which covers the range to be 
expected in clinical conditions and provides a 
diversity of values ideal for testing the ac- 
curacy of the simple methods we planned to 
levise. The diversity of blood pressures and 
theoretic pulse rates was also large in these 
‘xperiments, as has been reported.®: * In the 
sample of 63 systoles produced by injections 
f water, the approximate work ranged from 
12.6 to 150.6 Gm.M., the two largest blood 


from data on isolated frogs hearts, estimated 
this error to average 10 per cent. In our data, 





* The regression equations of this paper have been 
numbered serially with those of a previous communi- 
cation’ derived from the same body of data. Other 
equations mentioned in this paper have been given 
letters. The factor concerned with the weight of mer- 
cury (13.6) and that needed to correct the decimal 
point to give the desired units (often 10~*) have been 
left as separate items in most of the equations be- 
cause we thought this would enable more readers to 
see how the regression lines given in the figures were 
related to the regression equations of the tables. 
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in one-third of the tests, the error exceeds 10.9 
Gm.M. which is 15 per cent of the average 
resting healthy young adult value secured by 
a method to be described. 

The scatter inherent in the approximation 
method of formula (a) is of great interest 
because it represents the limit of excellence 
possible for a really simple clinical method. It 
is true that catheters can be passed to the 
arch of the aorta in man and that the contour 
of the cardiac ejection curve can be estimated 
with reasonable accuracy by an adjusted in- 
tegration of the curves of blood pressure 
recorded there, in the manner described in a 
previous communication.!' Therefore, means 
are at hand by which left ventricular work 
could be estimated in the clinic by integration. 
But the practical difficulties of such an esti- 
mation are so obvious that we were encouraged 
to search for methods requiring neither in- 
tegration nor catheterization. In such a method, 
we cannot expect a standard deviation of less 
than 16 per cent of the mean young adult value 
and we can only hope to approach that value 
as closely as possible. 

Our ability to estimate true work from 
stroke volume and peripheral blood pressure 
is given by the regression equation 77 in table 
2. From the scatter about this regression, one 
can estimate the error entailed by computing 
cardiac work from estimations of stroke volume 
made in the clinic, and peripheral blood pres- 
sure, under the most unlikely circumstance 
that the cardiac output method employed had 
an accuracy equal to our ability to measure 
the output by reading a 100 cc. syringe before 
and after ejection. In two-thirds of the esti- 
mates, the error would be less than 18 per 
cent of the resting healthy young adult mean. 
The loss of accuracy, resulting from employing 
peripheral rather than central pressures, is not 
great and we were encouraged to seek for 
simple methods depending on __ peripheral 
measurements. 


Estimations of Work from Ballistocardiograms 
and Peripheral Blood Pressure. 


Since there is increasing evidence” that 
stroke volume can be measured by ballisto- 
cardiograms of the type we employ under 


CLINICAL 
ESTIMATES 
oF WORK 


100 
TRUE WORK om. 


Fic. 3. Tests of clinical work estimates made from 
ballistocardiograms. The estimates were made from 
the square root of the amplitude of the I and J waves, 
mean peripheral blood pressure obtained by puncture 
of the femoral artery, and the subjects’ weight. The 
estimates are recorded in arbitary units. Data from 
6 subjects perfused with blood. Symbols as in figure 2. 
The best line shown corresponds with regression equa- 
tion no. 82 of table 3. The correlation coefficient of 
the estimates with true work is 0.88. 


many conditions, though not in all, it seemed 
proper to discover whether true left ventricular 
work could be estimated from ballistocardio- 
grams and mean blood pressure in our cadaver 
experiments. Accordingly, we first used the 
formula suggested by Tanner" for estimating 
stroke volume from ballistocardiograms, multi- 
plied the result by mean peripheral blood 
pressure and compared the resulting clinical 
estimate of work with true work. The correla- 
tion, 7 = 0.82, is good, but work is seriously 
overestimated, because the Tanner formula 
overestimates stroke volume.” As it has also 
been found that the inclusion of a factor for 
body size improves the estimation of cardiac 
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utput, the effect of using the subject’s weight 
wud surface area in estimating work was also 
tudied. Finally, without making an attempt 
o employ a stroke volume formula, we simply 
tudied the correlation between true work and 
he product of mean blood pressure and the 
square root of the altitudes or areas of the 
ballistic I and J waves, with and without the 
inclusion of factors related to the subject’s 
size. One of these dot diagrams is reproduced 
is figure 3. The regression equations are given 
in table 3. In computing these equations, the 
ballistocardiogram measurements used have 
been adjusted to a calibration such that 280 
Gm. displaced the light spot 1 cm. on the 
record. 

From these results, it is evident that the 
correlation of such estimates and true work is 
extremely strong, for their correlation coeffi- 
cients range from 0.82 to 0.88, values far ex- 
ceeding 0.29, the level of significance for p = 
0.05. The inclusion of an item related to body 
size gives a slightly better estimate of work. 
But the scatter about each of the three regres- 
sions employing Tanner’s formula with and 
without the size factor, equations 78, 79 and 
80 in table 3, is not significantly different. 
Estimates made directly from measurements 
of the ballistocardiogram without attempting 
to measure stroke volume are a little better 
than when the stroke volume formula is em- 
ployed. But once more the standard deviations 
about the regressions 81, 82, 83 and 84 in 


table 3 are not significantly different. So we 
have not demonstrated to our satisfaction that 
one of these methods is better than another. 
An interesting theoretic point must be dis- 
cussed here. Should one expect to measure 
Newtonian work by multiplying blood pressure 
by the amplitude of the ballistocardiogram, 
the latter being a force measurement? New- 
tonian work is related to velocity, force to 
acceleration. The product of ballistic amplitude 
and blood pressure would be more closely 
related to work defined as the product of mass 
and acceleration, integrated with respect to 
time.’ But in all probability the two kinds of 
work would be closely correlated under most 
physiologic and clinical conditions, so it should 
occasion no surprise that the product of bal- 
listic amplitude and blood pressure is found 
strongly correlated with Newtonian work. 
Certainly, left ventricular work can be 
roughly estimated from the ballistocardiogram 
and blood pressure in these experiments and 
one has every reason to expect that such work 
could be estimated with equal accuracy in the 
great majority of patients. But, as in most 
simple methods, one must envision certain 
limitations. In the cadaver experiments which 
provided the results used to make these re- 
gressions, the injections into the aorta and 
pulmonary artery were kept similar. But the 
forces producing ballistocardiograms secured 
during life are derived from both sides of the 
heart and the relation between right and left 


TABLE 3.—Regression Equations Relating ‘‘True’’ Left Ventricular Work with Estimates Made from Peripheral 
Blood Pressure and Various Aspects of the Ballistocardiogram; Some Including Factors Related to the Size of the 
Subjects 


] 
Equation 


a: Equations 


| 


Let x: = Tanner’s stroke volume formula 





100 V/ (2 (1 wave area mm. sec.) + (J wave area mm. sec.)]+/cycle sec. 
| True work Gm.M. = —3.91 + (0.68 x:) (mean femoral B.P. mm.Hg) (13.6) (107%) 


| True work Gm.M. = 5.43 + (1.26 x1) (mean femoral B.P. mm.Hg) (wt. kilo) (10~‘) 
| True work Gm.M. = —1.15 + (0.53 x) (mean femoral B.P. mm.Hg) (surface area sq.m.) (10~?) 
Let x. = V altitude of I + J waves mm. 
True work Gm.M. = 3.35 + (1.81 x2) (mean femoral B.P. mm. Hg) (107) 
True work Gm.M. = 7.96 + (0.27 x2) (mean femoral B. P. mm. Hg) (weight Kg.) (10-) 
True work Gm.M. = 5.12 + (1.06 x2) (mean femoral B. P. mm. Hg) (surface area M?.) (107!) 


Let x3; = V/ area of I + J waves (mm. sec.) 
True work Gm.M. = —0.75 + (0.54 x3) (mean femoral B. P. mm.Hg) (surface area M?.) 
Mean of true work estimates = 59.39. o, the scatter about this mean = 








1014 STUDIES MADE BY SIMULATING SYSTOLE AT NECROPSY 


ventricular output varies with the respiratory 
cycle; so an average would have to be used in 
conjunction with average arterial blood pres- 
sure to yield an estimate of work comparable 
with that of the experiments cited above. Of 
more moment is the fact that in certain severe 
clinical situations, the normal relation between 
the right and left ventricular forces might 
well be upset leading to a distorted ballisto- 
cardiogram which, when used in conjunction 
with arterial blood pressure, could not be 
expected to provide a good estimate of left 
ventricular work. These disadvantages would 
disappear in an estimate of work made from 
arterial blood pressure alone, so we turned our 
attention to the development of such a method. 


Estimations of Left Ventricular Work from 
Peripheral Blood Pressure Obtained by Arterial 
Puncture. 

In a previous communication,’ a series of 
formulae relating blood pressure to stroke 
volume were set forth. Of these, formula No. 
59 relating stroke volume to peripheral pulse 
pressure, diastolic pressure and age seemed 
best adapted to our purpose. Accordingly, the 
stroke volume was estimated by this formula 
from data secured in each systole of the group 
perfused with blood and the result multiplied 
by the corresponding mean peripheral blood 
pressure to provide a clinical estimate of work 
which could be compared with true work. The 
dot diagram showing the relationship is repro- 
duced as figure 4 and the regression equation is 
given as No. 85 in table 4. The standard devia- 
tion about the regression is 14.9 Gm.M. or 
22 per cent of the mean value for left ven- 
tricular work in healthy young adults, so that 
in two-thirds of the estimates the error is less 
than this amount. Obviously, this clinical 
method of estimating work is a rough one. 
However, it must be recalled that a large part 
of this scatter, a standard deviation of 10.8 
Gm.M., is to be attributed to the errors in- 
herent in using any formula which does not 
involve integration. This method has added 
only 4.1 Gm.M. to the standard deviation 
which is the best we could hope to attain. The 
scatter is a little less than that of any method 
of estimating work based on the ballistocardio- 


CLINICAL 
ESTIMATES 
of WORK cmo. 


1 
100 | 
TRUE WORK cum. 


Fic. 4. Tests of clinical work estimates from 
peripheral blood pressure alone. The estimates were 
made from femoral blood pressure measurements 
recorded by puncture of the artery, using stroke vol- 
ume formula no. 59. The data were obtained from 
subjects perfused with blood. Symbols as in figure 2. 
The best line shown corresponds with regression 
equation no. 85 of table 4. The correlation coefficient 
of the estimates with true work is 0.91. 


gram but the difference is too small to be sig- 
nificant. However, because the systemic ar- 
terial blood pressure is independent of events 
concerned with the right heart, one has the 
right to expect that methods of estimating left 
ventricular work from blood pressure alone 
would have an applicability extending over the 
whole clinical field. 

This method of estimating left ventricular 
work from peripheral blood pressure alone 
could be further tested by making use of the 
results secured in the cadaver experiments in 
which water was employed as injection fluid, 
although the marked difference in viscosity of 
water and blood made it unlikely that the 
quantitative aspects of the two sets of results 
would be altogether similar. Therefore, we 
analysed the results secured in our sample of 
63 consecutive systoles performed on the six 
cadavers perfused with water. Since true work, 
obtained by integration of the curves, had not 
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T BLE 4.—Regression Equations Relating ‘‘True’’ Left Ventricular Work to Clinical Estimates of Work made from 
Peripheral Blood Pressure Measured by Arterial Puncture in the Cadavers Perfused with Blood 


uation 


No. Equations 





When X, 


= stroke volume formula no. 59 — 


= 91 + 0.54 pulse pressure — 0.57 diastolic pressure — 0.61 age 
True work Gm.M. = —1.67 + 0.83 [(X4 cc.) (mean femoral B. P. mm.Hq) (13.6) (10-3)] 14.9 
When X; = stroke volume formula no. 88 of Table V | 


True work Gm.M. = —7.96 + 1.22 [(Xs cc.) (mean femoral B. P. mm.Hg) (13.6) (107%) ] 16.5 


|en determined in these “‘water’’ experiments, 

‘estimated approximate work by multiplying 
i.e stroke volume measured in the syringe by 
ivean central blood pressure, and compared it 

ith clinical estimates of work made from the 
»roduct of estimates of stroke volume from 
formula No. 59 and mean peripheral blood 
pressure. The dot diagram showing these 
results is given in figure 5 and the regression 
equation is given as No. 91 in table 6. 

Our expectation of quantitative differences 
between results secured in cadavers perfused 
with blood and in those perfused with water 
is borne out by these results, for the slope of 
the regression is somewhat different from that 
found in the subjects perfused with blood, and 
the scatter is considerably greater. However, 
the increase of scatter may be due in large part 
to the necessity of using approximate work 
rather than true work as the target value. 
Despite this, the correlation is still highly 
significant and the general nature of the rela- 
tionship developed in the subjects perfused 
with blood is clearly confirmed by the results 
secured on those perfused with water. 

However, a limitation was encountered. In 
three systoles conducted in subject E. B., 
characterized by very high diastolic pressures, 
over 150 mm. Hg in two instances, and small 
pulse pressures, our stroke volume formula No. 
59 estimated that the stroke volume was zero 
or less, although the actual stroke volumes were 
13, 20 and 36 cc., differences which we hesi- 
ated to attribute to experimental error. Since 
t appeared that when diastolic pressure ap- 
rroached 150 mm. Hg, our method became 
ess accurate, it was decided to look for other 
ypes of stroke volume formulas which might 
void the difficulty, a search in which we were 


encouraged by a friendly suggestion from 

Professor H. C. Burger of Utrecht. 
Accordingly, results secured by a formula of 

the type originally proposed by Liljestrand 


CLINICAL 


ESTIMATES 
oF WORK ecw.o. 


;o | 1 
100 
APPROXIMATE WORK cmom. 

Fig. 5. Tests of clinical work estimates from 
peripheral blood pressure. The estimates were made 
from femoral arterial pressure and the subjects’ age, 
using stroke volume formula no. 59, and mean femoral 
blood pressure, as in the estimates in figure 4; but 
the data comes from six subjects perfused with 
water. Note that the horizontal coordinate is not true 
work, but approximate work, estimated as the prod- 
uct of stroke volume and mean aortic pressure with- 
out regard to time. Data secured from the various 
subjects is represented as follows: dots, A. McG.; 
crosses, J. I.; squares, E. S.; triangles, P. L.; circles, 
KE. B.; and X’s, E. S.; The corresponding regression 
equation is no. 91 of table 6. The correlation co- 
efficient between the estimate and approximate work 
is 0.68. 
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TaBLe 5.—New Regression Equations for Estimating Cardiac Stroke Volume from Peripheral Blood Pressure 


Equation 
No. 


When Z,; = mean pressure = 
Stroke volume cc. = 20 + 15 ( 
Stroke volume cc. = 47 + 50 ( 


Stroke volume cc. = 


Stroke volume cc. 


= 15 +71( 


Equations 


femoral pulse pressure mm.Hg 


femoral pulse pressure mm.Hg 





@ cc. 


systolic + diastolic pressure mnlie ) 
=, Ssecbieasitiea 
2 


femoral pulse pressure a) 


) — 0.58 Age years 
. : 2 systolic pressure + diastolic pressure mm.H¢ 
When Z = : E 3 : 
-. { femoral pulse pressure mm.H,¢ 
is + 53 ( I I Mose 


)- 0.59 Age years 





TaBLeE 6.—Regression Equations Relating Approximate Left Ventricular Work to Clinical Estimates of Wo 
Made from Peripheral Blood Pressure Measured by Arterial Puncture in 63 Systoles in 6 Cadavers Perfused wi 


Water 








Equation 


‘quations 
No. Equations 





When X, = stroke volume as estimated by formula no. 59 in ce. 

Approx. work Gm.M,. = 35.25 + 0.48 [(X4)(mean femoral B. P. mm.Hg) (13.6) (10-%)} 
If three points giving impossible results are omitted (see text) 

Approx. work Gm.M. = 31.70 + 0.52 [(X4) (mean femoral B. P. mm.Hg) (13.6) (107%) ] 
When X; = stroke volume as estimated by formula no. 88 in table 5, as ce. 


Approx. work Gm.M. = 23.82 + 0.56 [(Xs)(mean femoral B. P. mm.Hg) (13.6) (10-%)] 





and Zander," in which pulse pressure is di- 
vided by mean pressure, were compared with 
the measured stroke volumes in the experi- 
ments conducted on the five cadavers perfused 
with blood. The simple and multiple regression 
equations calculated by Dr. Schild are given 
in table. 5. 

Inspection of these results shows that the 
resulting stroke volume methods, though truly 
excellent when age is also considered, are not 
quite as good as the best of those published 
previously.’ That this should be true is a 
mathematical necessity, for regression equa- 
tions in which items such as pulse pressure and 
diastolic pressure (or mean pressure) are treated 
as independent variables must have an ad- 
vantage over a formulation in which the rela- 
tion of pulse pressure to mean pressure is 
fixed. But one notes that the loss of accuracy is 
very small and the newer formula might have 
advantages when applied to other bodies of 
data. 

Accordingly, one of the newer stroke volume 


formulas, No. 88 of table 5 has been used with 
mean peripheral blood pressure, to provide a 
clinical estimate of work which could be com- 
pared with the true work. Figure 6 shows the 
relationship in the systoles simulated by in- 
jections of blood, the regression equation is 
No. 86 in table 4. Obviously the correlation is 
very strong, r = 0.89, while 0.27 is significant 
for p = 0.05. The agreement between true and 
estimated values is excellent, but it is not 
quite as good as when formula 59 was em- 
ployed. A similar clinical estimate of work, 
made by using the newer formula no. 86 to 
compute stroke volume, was also compared 
with approximate work in the 63 systoles in 
six cadavers in which water was used as per- 
fusing fluid. A dot diagram of these results is 
given as figure 7 and the regression equation is 
No. 93 in table 6. The three systoles of subject 
E. B. in which the stroke volume was estimated 
to be zero by the older formula 59, are much 
better handled by the newer formula; but th« 
correlation of the data as a whole is not im 
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— 
CLINICAL 
ESTIMATES 

ce WORK como. 


“ae 
200 
TRUE WORK cum 
Fic. 6. Tests of clinical work estimates from 
peripheral blood pressure alone. These estimates 
were made from femoral arterial pressure and the 
subjects’ age, using the ratio formula no. 88 to esti- 
mate stroke volume. Data from six subjects perfused 
with blood. Symbols as in figure 2. The best line 
corresponds with regression equation no. 86 of table 
4. The correlation coefficient with true work is 0.89. 


proved. By inspection of the dot diagram 
shown as figure 7 one sees that it is the results 
secured on E. S., the oldest subject studied, 
which disturb the correlation of the group. 
The values secured on E. S., although they 
form a beautiful regression among themselves, 
outlie upward and to the left of all the other 
data. We have no explanation for the di- 
vergence. If this subject’s data are disregarded, 
the correlation of the rest is tremendously im- 
proved. In the data set forth in figure 5 when 
forroula no. 59 was employed to estimate stroke 
volume, the results secured in E. 8. do not 
stand as far apart from the rest, a point in 
favor of the formula first employed. 

When inspecting figure 7, one must remem- 
ber, as is the case in figure 5, that the use of 
“pproximate rather than true work as the tar- 
get is certainly a considerable factor in the 
iierease in scatter. 

In short, our data do not permit us to say 
\hich of the two methods of estimating left 
ventricular work from peripheral blood pres- 
sire will be found superior in the clinic. Tested 
égainst data secured in cadavers perfused with 


blood, and in those perfused with water, in 
neither group are their correlation coefficients 
or their standard deviations about the regres- 
sion significantly different. However, there is 
reason to suspect that the newer method may 
give superior results in some cases having high 
hypertension, and this should be kept in mind 
by those using these methods in the clinic. 
Either of these formulas gives a test for 
cardiac work which, while it is a rough one, 
has certainly sufficient accuracy to divide 
human beings into three groups: those whose 
hearts are working normally, and those whose 
hearts are abnormally weak or strong. How- 
ever, inspection of all the figures shows that 
most of the scatter is caused by differences 
between one subject and another, for the cor- 
relations between. true work and clinical work 


CLINICAL 


ESTIMATES 
OF WORK GM.M. 


| 
100 
APPROXIMATE WORK cmmo. 


Fic. 7. Tests of clinical work estimates from 
peripheral blood pressure alone. The estimate is from 
femoral intra-arterial pressure and the subjects’ age, 
using the ratio formula no. 88 to estimate stroke vol- 
ume, a method similar to that used for the estimates 
of figure 6, but the data is from six subjects perfused 
with water. Note that the horizontal coordinate is 
approximate work. Symbols as in figure 5. The re- 
gression formula is no. 93 of table 6. The correlation 
coefficient between the estimates and approximate 
work is 0.66. 
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estimates in individual subjects are much 
stronger than those of the groups as a whole. 
So our ability to detect changes in the left 
ventricular work of any patient, due to the 
changing severity of disease, or to therapy, is 
obviously of a much higher order than is sug- 
gested by the standard deviations of the groups 
as a whole. 


Estimations of Left Ventricular Work from 
Auscultatory Estimates of Blood Pressure. 


The formulas discussed hitherto would serve 
to estimate left ventricular work from blood 
pressures secured from puncture of the femoral 
artery in any subject. Obviously, a much wider 
range of usefulness would be secured if these 
equations were adapted for use with pressures 
obtained by the auscultatory method as it is 
commonly employed. In a previous publication, 
regression equations relating blood pressures 
secured by arterial puncture with simultaneous 
auscultatory findings, derived from the data of 
Ragan and Bordley,'® and from those of 
Steele,!* were employed to permit estimations 
of stroke volume from auscultatory estimates 
of blood pressure. The use of these equations, 
No. 63 and 71 of a previous paper,’ together 
with equations permitting estimates of mean 
intra-arterial pressure from auscultatory meas- 
urements, will permit estimates of work from 
values that any doctor could secure. If the 
point of muffling of sounds is taken as diastolic 
pressure, one uses a regression from Ragan 
and Bordley’s data,’ as follows: 

Let X_ = an estimate of stroke volume, as 
follows: 


Stroke volume (cc) = 93 + 0.54 pulse pressure 
(auscultatory mm. Hg) —0.47 diastolic 
pressure (auscultatory mm. Hg) 

—0.61 Age years (63) 


Let Ys = an estimate of intra-arterial mean 
pressure derived from equations 65* and 66,’ 
as follows: 


* A typographical error has been found in equation 
65 as given in our previous communication,’ the 
minus sign before the first term on the right side hav- 
ing been omitted. This equation should read: 

Systolic pressure (intra-arterial) = —6.08 +1.04 
systolic pressure (auscultatory) (65) Equation 65 has 


Mean pressure (intra-arterial) = —0.61 + 
0.52 syst. pressure (auscultatory mm. 
Hg) +0.42 diastolic pressure 

(auscultatory mm. Hq) (94 


After solving these two equations one sul 
stitutes the results into equation 85 table 


Work (Gm.M.) = —1.67 + 0.83 
Xe6¥6(13.6) (107%) CH 


= —1.67 + 0.0113 X6Ye_ (9 


The solution of this equation estimates tl 
left ventricular work. 

If diastolic pressure is taken as the point « 
disappearance of sounds, regression equation 
derived from Steele’s data'® are similarly em 
ployed. That for stroke volume has alread) 
been published’ as equation 71. To get meai 
pressure, we needed a regression equation foi 
systolic pressure so the following was estimated 
from Steele’s data,'*® it has not been published 
previously. 


Systolic pressure (intra-arterial, mm. Hq) 
= 10.62 + 1.00 systolic pressure 
(auscultatory, mm. Hq) (96) 


and for this regression ¢ = 12.5 mm. Hg. 

The corresponding equation for diastolic 
pressure has already been pubiished’ as equa- 
tion 70. 

Therefore, to estimate work from ausculta- 
tory measurements, using the disappearance of 
sounds as the indication of diastolic pressure, 
let X, indicate the estimate of stroke volume, 
as follows: 


Stroke volume (cc.) = 101 + 0.5 pulse pressure 
(auscultatory mm. Hg) —0.59 diastolic (aus- 
cultatory at disappearance of sounds, 

mm. Hg) —0.61 Age (years) (71) 


Let Y, indicate the estimate of mean pressure, 
as follows: 


not been used previously, so the erroneous rendering 
did not effect any of our published results. 

This seems a proper occasion to correct another 
typographical error. In table 3 of a previous publica 
tion’ the femoral diastolic pressure of curve No. 2, 
given as 85 mm. Hg, was actually 58 mm. Hg. In 
calculating the regression equations of that paper 
we used the correct value. 
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M an pressure (intra-arterial mm. Hg) = 3.21 
+ 0.5 systolic pressure (auscultatory 
mm. Hg) +0.52 diastolic pressure 

(auscultatory at disappearance of 
sounds, mm. Hg) (97) 


A ter solving these equations, one substitutes 
tl » solutions X, and Y,, for X¢ and Y¢z in 
ec uation 95 given above, and solves to obtain 
w rk. Jackson’s nomogram™ may be used to 
sc ve equation 71. 

[hose choosing to use the pulse pressure to 
man pressure ratio, equation 86 of table 4, 
a: the basis for an estimate of work, could 
readily convert it for use with auscultatory 
piessures by making use of the appropriate 
equations given above. 

Anyone accustomed to the use of a slide 
rule will have no difficulty with the computa- 
tions needed to estimate heart work from blood 
pressure, although they may look complex at 
first glance. Our attempts to simplify the 
formulas have led to an interesting line of 
inquiry too long to be presented in this paper. 

Before leaving the subject, gaps in our 
knowledge must be once more pointed out. In 
converting to permit the use of blood pressure 
measurements by the auscultatory method, 
we are assuming that intra-arterial pressures 
in the brachial and femoral arteries are similar. 
We have discussed the size of the error;’ if it 
exists at all it is small. But, while we do not 
know of data proving that these two pres- 
sures are significantly different, there is a 
trend in the results'® that suggests that esti- 
mates of cardiac work or stroke volume, made 
from our formulas, adapted for measurements 
of blood pressure by the auscultatory method, 
may eventually be found a little low. 

Also, we lack data on subjects in the younger 
age groups. The reason for our difficulty is 
plain enough; young people seldom come to 
necropsy and when they do, because of the 
tragedy connected with untimely death, the 
cise is of great interest and concern to clinician 
and pathologist, and is not likely to be turned 
over for our unorthodox investigations. Never- 
tieless, it is of great interest to accept the 
extrapolation involved and employ our formu- 
lis in the clinic on all adults until better data 


can be secured. The majority of people with 
cardiovascular disease fall into the age range 
covered by our data. 

It also seems obvious that our formulas 
designed to estimate cardiac work, although 
successful in adults without making allowance 
of differences in size of the subjects, should not 
be used in children without further study. 


Applications of the Method. 


It seems evident that clinicians, employing 
the apparatus and technic they already 
possess, can make quantitative deductions 
about the work of the hearts of their patients 
with an accuracy far greater than we had 
thought likely, and certainly as good as that 
of many methods on which practitioners of 
medicine are accustomed to rely. Therefore, it 
seems proper to close this communication by 
giving an example of one way the new knowl- 
edge may be used to illuminate familiar ob- 
servations. Taking the average blood pressures 
at each decade of life from Hunter’s compila- 
tion of observations made in a quarter million 
healthy Americans,? we have computed the 
average left ventricular work by means of 
formula 95 for each decade of adult life; the 
results are in table 7. Obviously the average 
heart’s work declines steadily as age advances, 
even though health is maintained. Estimations 
of blood pressure such as these have been 
before the profession for many years, but the 
interpretation of these data in terms of the 
heart’s work is new, and to us it seems most 
illuminating, as so many doctors have the im- 
pression that when blood pressure rises the 
heart’s work must be increased. So it seems 


TABLE 7.—The Average Left Ventricular Work per 
Beat of Healthy Americans at Rest, as Age Advances. 
Estimated from Hunter’s Data on the Average Blood 
Pressure at Different Ages 


Left Ventricular 
Work Per Beat 
Gm.M. 


Average Blood 
Pressure mm. Hg 


Age Decade Years 


20 120/80 68 
30 123/82 62 
40 126/84 | 57 
50 130/86 50 
60 135/89 45 
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most likely that the methods described in this 
communication will also shed new light on the 
strength or weakness of the hearts of many 
patients coming to the clinic. 


SUMMARY 

(1) Curves of cardiac ejection at each instant 
of systole, and curves of blood pressure at the 
root of the aorta, secured in experiments in 
which systole was simulated in cadavers, have 
been used as the basis of a precise estimate of 
“left ventricular’? work by integration. The 
results of these precise estimates have been 
called true work, and it seems obvious that 
they far exceed in accuracy any estimates of 
left ventricular work that have been made in 
living men or mammals. 

(2) Results secured by the method of esti- 
mating work commonly employed by physi- 
ologists, based on the product of stroke volume 
and mean pressure, have been compared with 
true work. This method gives a good approxi- 
mation of the true work. Regression equations 
which would improve such estimates have been 
derived. 

(3) By computing simple and multiple re- 
gression equations, we have sought means of 
estimating true work from measurements which 
could readily be made in the clinic. Such clinical 
estimates of work, based on the ballistocardio- 
gram and intra-arterial measurements of 
peripheral blood pressure, or on peripheral 
blood pressure alone, have been compared 
with true work. In the best of these methods, 
in two-thirds of the estimates, the error is less 
than 22 per cent of the average level of cardiac 
work per beat of healthy young adults at rest. 
This accuracy seems sufficient for many clinical 
purposes, such as dividing the population into 
groups which are normal, above normal or 
below normal as regards left ventricular work. 

(4) The data clearly show that the chief 
cause of the scatter in such clinical methods 
is due to differences between individuals. The 
ability to detect changes in the cardiac work 
of most individuals greatly exceeds that indi- 
cated by the figures given above. 

(5) Formulas have been derived which 
permit estimates of left ventricular work from 
auscultatory measurements of blood pressure, 


so that rough estimates could be made |.y 
anyone practicing medicine. 

(6) By means of the average values for blo. 
pressure of healthy Americans at rest, and t ie 
formula mentioned above, average left ve \- 
tricular work has been estimated for ea h 
decade of life from 20 to 60 years. Despite t .e 
well known rise in blood pressure, the avera :e 
heart work declines steadily as life advance s, 
At 60 years of age the average work per be .t 
is about two-thirds of the average found at 0 
years of age. 


SUMMARIO IN INTERLINGUA 


Le labor “sinistro-ventricular”’ pote ess: r 
estimate con un alte grado de exactitude in e.- 
perimentos con cadaveres in que curvas ce 
pression e curvas del ejection cardiac es regi.- 
trate pro omne punctos del systole. Conside- 
rante tal exacte estimationes como criterio in |e 


evalutation del resultatos, nos ha interprendite 


le cerca de methodos que permitterea le estima- 
tion del labor cardiac super le base de mesura- 
tiones de un genere executabile in le clinica. 

Nos ha succedite a derivar formulas que per- 
mitte le estimation del labor sinistro-ventricu- 
lar super le base de mesurationes auscultatori 
del pression sanguinee. Assi iste methodo pote 
esser usate per omne practico medical. 
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Dynamic Comparison of Current Ballisto- 


cardiographic Methods 


Part III. Derivation of Cardiovascular Force from 


Body Motions 


By 8. A. Taupot, Px.D., anp W. K. Harrison, Jr., M.E. 


In part I was discussed the nature and magnitude of force artefacts in the ballistocardiogram 
(BCG) arising from coupling the body to ground. The effect of this grounding on the reading of 
cardiovascular motion, momentum and force was explained, using the simple one-mass dy- 
namics. Part IT dealt with the effects on the ballistocardiogram of a second mass, a platform sup- 
porting the body. The body itself is a cutoff filter (of the resonant type) by its springy supporting 
tissues which couple the body and platform masses. In the displacement. ballistocardiogram 
this attenuates the upper frequencies recorded from stiffly sprung platforms, or from the direct- 
body whatever its coupling to earth. In the acceleration record, the body mass and spring cut off 
the lower ballistocardiographic frequencies, while platform mass and body-spring cut off the higher 
frequencies. The size of these errors and their bearing on multilateral recording were discussed.) 


that from a ballistocardiograph record, 

we can derive a picture of the cardio- 
vascular forces. If a simple resonating filter is 
interposed by the body and/or the platform, 
does present knowledge let us take this into 
account, and still derive the cardiovascular 
force pattern from the ballistic motions? 

In parts I and II we assumed the body to 
be a single unitary mass, responding at all 
frequencies to a fixed pattern of cardiovascu- 
lar force applied directly to it. If so, this force 
pattern should be recorded fairly uniformly 
from 1 to over 30 cycles per second by the 
acceleration ballistocardiogram taken from 
light, weakly sprung platforms like those of 
Burger and v. Wittern; for frequencies below 
about 4 cycles per second by the displacement 
ballistocardiograph of Dock and Starr; and 
for higher frequencies only, by the accelera- 
tion ballistocardiograph of Smith. Below 
about 15 cycles per second, this basic assump- 
tion appears approximately valid when tested 
by a shaker applied externally to the whole 
body. However, if a shaker is applied to the 
head, chest? or feet** the body does not move 
as a whole, so that the resonance and damping 
factors change. Even more, when considering 
the actual cardiovascular drive from within, 
we may legitimately doubt the adequacy of 


I part III we examine the proposition 


the two-mass analysis used by Nickerson, 
Burger, v. Wittern and ourselves, to get at 
the actual ballistic forces. 

A quite direct test of these assumptions 
when applied to the actual internal drive, 
would be simply to remove from the ballisto- 
cardiogram the predicted distortions arising 
from the interaction of the body mass and its 
support. In this way, the displacement record, 
Yo 
F, 
impeded by ky, rs, or Mp, kp, Tp. In technical 
parlance”: * the body-platform system “‘oper- 
ates” on the driving force F, with a complex 
“transfer function” y,(f); we can simply invert 
this “operator’’ to discover the original force 
pattern: Fry, X 1/yo = Fo. If the assump- 
tions of a two-mass model and directly applied 
force* are valid, one can readily set up the 
inverse of the very specific mechanical dis- 
torting mechanisms described in part II for 
each kind of support, eliminate the distortions, 
and find an “internal ballistocardiogram” 
or force-on-body (F,). For a given subject, this 
force pattern should be the same whatever the 
support, and agree with the ballistocardiogran 
taken on a support which is free of the dis 
torting constraints: e.g., the mercury bed 


should become that of mass m, alone un- 





* Part I of this article, Circulation 12: 577 (Oct.} 
1955. 
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v. Wittern*® first used this approach quanti- 
atively for the direct-body method (single 
\ss system). He passed the velocity ballisto- 
 rdiograph signal through an electric network 
1ose dynamic parameters were inverse to 
ose of his subject referred to the support, 
d derived the subject’s intrinsic “force 
) llistocardiogram” pattern. This force (F;) 
sought to explain in terms of simpler force 
tterns from the heart as the generator, via 
ii ternal mechanical networks which might 
a count for the details observed. 

This method of inverse correction was also 
a plied by Tobin and colleagues,** to both the 
\.splacement (D) and velocity (V) direct-body 

listocardiograms. The similarity of the two 
sallistocardiograms, after correction for body 
resonance, was interpreted as proving the ade- 
quacy of this correction. Actually, this simi- 
larity results from D being the integral of V. 
In a later paragraph we will discuss the ade- 
quacy of this method. 

The inverse network has not been applied to 
the platform methods in current use clinically. 
To do this, the signal from the patient need 
only be passed through a network like that of 
figure 2C. The network becomes inverse by 
connecting it as the feedback in a gain-of-one 
amplifier. Insertion of the m r, and k, for 
each patient and m, r, and k, for the platform 
(if any) would give a final record purporting 
to be his unique force ballistocardiogram. 

Nickerson”> has published an approximate 
method of inverse correction“? for several 
current ballistocardiograph systems, using 
graphically the “transfer operator’ method 
described above. For each of seven subjects 
he worked out the frequency spectrum of the 
displacement ballistocardiogram from four 
different supports, and corrected these by 
applying inversely the respective transfer 
curves; similar to those in figures 3 and 4. 
For each subject, the corrected _ ballisto- 
cardiograph force spectra did show consider- 
ebly less deviation from the mean than before 
correction; the mean was best approximated 
ly the force spectrum as computed from the 
‘iekerson bed. This convergence of the force 
}atterns suggested a common basic “force 
Lallistocardiogram” for each individual: i.e., 


Yp 
Subtrac ter 


Yop 


BCG record 


INVERSE CORRECTION OF DISTORTION 


Fig. 8. Schematic drawing, showing principle of 
inversely computing and recording the force pattern 
which will so drive equivalent body-bed system as 
to produce observed ballistocardiogram. 


that one can indeed remove the distortion in 
part by using the simple two-mass analog in 
reverse. The results were presented in the form 
of spectra. The task of recovering the “force 
ballistocardiogram”’ (vs. time) from these 
spectra by summating sine curves (corrected 
for phase) is formidable and was not carried 
out. Hence our results do not compare directly 
with the ‘force ballistocardiogram”’ derived in 
this way: by passing through the frequency 
realm. 

In general, our method of deriving the 
“force ballistocardiogram” from the dis- 
torted record involves feedback and an elec- 
trical analog whose parameters are those 
measured for the body and bed. The inverse 
network (v. Wittern’s method) is not used, 
but instead the direct analog (fig. 2C) is so 
driven (fig. 8) that its output exactly equals 
the subject’s ballistocardiogram (fig. 8). It 
results in general that the “force ballisto- 
cardiogram’”’, derived by deleting in this way 
the distortions from forces between body and 
support, does not really emerge as a single 
pattern characteristic of our subject, but 
differs significantly as between methods. That 
is, correcting a ballistocardiogram for the dis- 
tortions shown by one or two-mass dynamical 
theory does not yield a record which one is 
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Fic. 9. Correction of Ballistocardiogram for Mechanics of Body and Support. A. 


Displacement 


tracings of one person using methods of Starr, Dock, Nickerson. B. Same, corrected for body and 
, . 

platform artefacts by “‘inverse’’ computation of force (method of fig. 8). Note phase-inversion of 

forces in B (S, D), showing ballistic force pattern to be mainly more rapid than measured body fre- 
, . . 

quency. C. ‘‘Force ballistocardiogram”’ recorded from same person with the less distorting mercury 

bed ‘“M’’. This resembles ‘‘computed force’’ from N method, of next least constraint. Note sharp 

tips and jogs, showing higher frequencies, difference of systolic complex from tracing A (S, D), and 


nonuniform phase shift of peaks. 


really justified in calling a “force ballisto- 
cardiogram”’. The reason for this will be 
discussed, and where it leads. 

METHOD 


This part of the study was completed* before we 
found electric analog components of a quality 


which could be operated in the simple method 
shown in figure 8. We employed instead a (Reeves) 
differential analog computer. This sets up the mathe 
matical equations (part II, Equation 2) term b 
term for the voltage y, (F.),* eliminating y, alge 


* Notation as introduced in Part I. 
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y aically and using the stated body and bed parame- 
s. A cathode-ray function-former converted the 
bject’s displacement  ballistocardiogram taken 
m the bed or body into an electrical signal; 
is was then equated to the voltage y,(f) by the 

‘ edback method (fig. 8). The curves of F, so 
itten were then changed to the time scale of 
cure 9, the amplitudes (before computation) 
ualized, and the same subject’s (mercury-bed) 

‘celeration ballistocardiogram* added. 

In this way, we have “corrected” the ballisto- 

rdiograms of the same subject from each of three 
| ody supports: the (original) Nickerson bed, the 

(!ohns Hopkins) Starr bed, and directly from the 

siins (Dock method). The body parameters were 
easured each time since the stiffness and damping 
ffer with pressure on the footboard. 


RESULTS 

Figure 9A shows the subject’s ballisto- 
cardiograph records, figure 9B the body force 
pattern F,, computed as prior to distortion by 
the various supporting systems and figure 9C 
the ballistocardiogram force pattern from a 
system whose distorting constraints are mini- 
mal i.e., the acceleration of a very light 
ballistocardiograph platform floating on mer- 
cury.” (1) The derived ‘force’ pattern for 
all three methods turns out to be considerably 
earlier than that of the original displacement 
ballistocardiogram, even when these ballisto- 
cardiograms purport to measure ‘‘force’’.?: * 6 
(2) The stiff-bed ballistocardiograph response, 
“S”, is earlier than the direct-body “D’’, but 
the computed “force” pattern is not dis- 
similar. (3) The soft-bed ballistocardiogram, 
“N”, whose displacement record is much 


* Since the feedback amplifier shown had a gain 
of 50, the output of the network driven by F, 
matched the potential derived from the recorded 
hallistocardiogram within 2 per cent. The Reeves 
computer operates 20 times slower than the true 
ballistocardiogram but is rather complex to adjust. 
The method of figure 8 adjusts easily but operates 
\0 times faster and requires a speeded-up transcrip- 
ion of the ballistocardiogram. It should not be 
ittempted without inductors whose Q exceeds 10 at 
) eyeles per second (Hycor Company, Pasadena, 
‘al.) 

The large number of RC elements used in a dif- 
erential computer introduces a strong phase shift 
if frequency components above 50 cycles per second 
‘hich would cause instability (oscillation) if not 
ttenuated down to the noise level by a high-cut 
lter. The filter used introduced an overall phase 
ig of 20 milliseconds, which was corrected. 


retarded, gives a computed “force” record as 
early as the two stiffer mounts. (4) The 
“force” producing the ‘“S” and ‘“D” records 
shows strong systolic events at K (0.25 second) 
and L (0.35 second), which do not occur in 
the lowest force record, ‘“M’’, (fig. 9C). How- 
ever, the force pattern, ‘“‘N’’, more closely 
resembles the force ‘“‘M” and includes the 
headward early diastolic wave 0.5 second 
after Q. (5) The mercury bed ballistocardio- 
gram “M” like the light pendular beds'* 
contains characteristic high frequency details 
(sharpness, jogs and riding waves) which were 
not recorded in any of the original displace- 
ment records of this subject. 


Discussion 


Several aspects of the results observed 
(fig. 9) are quite to be expected, and show the 
general improvement”®: * of the force ballisto- 
cardiogram obtained by grossly correcting the 
main distortions from the support. For ex- 
ample, (1) removing the predicted phase 
shift at resonance (fig. 3A) from all three 
records results in a “force ballistocardiogram”’ 
which (for the I and J peaks) is earlier for all 
three methods. This shift is not small (60 
milliseconds), in fact almost suffices to invert 
the pattern (fig. 9A to 9B). It is as if the fre- 
quency of the cardiovascular impacts lay 
enough above body resonance to make the dis- 
placement opposite to the force (180 -degree 
phase shift). (2) Since the main dynamical 
difference of the S method vs. the D method 
is the increased body-frequency due to the 
footboard, the “force ballistocardiogram”’ de- 
rived for both is much alike. The differences 
between them may tentatively be assigned to 
the difference in the “look” at the ballisto- 
cardiogram: the S method “looks” through 
joints under compression, and through a 
direct dorsal coupling as well; the D method 
“looks” through a loose distal coupling only. 
The prevalence of late irregular diastolic vibra- 
tions in the D record is another sign of this 
looseness. (3) Nevertheless, the S and D force 
patterns still contain “ringing” or spurious 
after-waves at 0.27 and 0.37 second. The 
correcting system, using the measured body 
parameters, could not remove these. v. Wit- 
tern® also observed this for the D pattern. 
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The corrected “force” record of Tobin and col- 
leagues,** while more successful than our cor- 
rected curve D (fig. 9B), still retains an 
excessive K dip as well as the characteristic 
periodicity caused by supports of the Dock 
and Starr types. This suggests that the dy- 
namic parameters measured by the external 
tap method, do not adequately measure the 
inertial, spring and viscous coefficients of the 
body as driven from within. 

(4) The displacement record of Nickerson 
does not really measure force on body, as has 
been explained (part II). However, confirming 
Nickerson,”> the force computed from it most 
closely resembles the force recorded from the 
unresisting bed M. We may conclude that a 
platform whose soft springs permit it to follow 
the body well, i.e., minimally excites the dorsal 
springs and dampers, conserves the best force 
information for a subsequent correcting device. 
Conversely, the stiffer D and S supports seem 
to complicate the body motion, away from a 
simple oscillator’s behavior, so that their bal- 
listocardiograms are less correctable on this 
dynamical assumption. (5) The mercury-bed 
acceleration ballistocardiogram (M, fig. 9) we 
consider as good an approach to a “force bal- 
listocardiogram”’ as can be obtained at present 
from sensing the motion of the body as a whole. 
The body springs and dampers are activated"? 
minimally, and the inertial reaction of the plat- 
form (11 pounds) is relatively small (fig. 7). 
Although, as with all body mounts, the mass 
of the body which moves with the recorded 
acceleration, ip, varies with frequency, a “force” 
derivable from the simplified relation F, = 
Mijp, With m, taken constant and no other 
terms, is still the least distorted picture of 
cardiovascular force pattern to be had by 
whole-body ballistocardiography. A well de- 
signed pendular mount” gives almost exactly 
the same detail. This is our justification for 
using the lowest record as a basis for judging” 
the directly recorded ballistocardiograms as 
well as the corrected “force” patterns D, S and 
N computed from them. 

The phase relation of the M record (fig. 9C) 
to the displacement ballistocardiogram above 
(9A) gives further evidence that the vibration 
properties of the body cannot be corrected by 


assuming that it acts as a simple oscillator 
with any exactness. The J peak of the directly 
recorded force ballistocardiogram ‘“M” stands 
intermediate between the displacement (fig. 
9A) and computed force (fig. 9B). Evident}, 
the inverse network of a “simple” bod 
oscillator overcompensates for phase. 


“rrors in the Assumptions of Whole-Boc 
Ballistocardiography 


Three explanations can be offered for tl 
difference of “force”? patterns (fig. 9B) ca 
culated as driving the same body on the dit 
ferent supports. These are: I the complex-mas 
effect, II the loading effect and III the sun 
mation effect. 

I. The body mass is complex in two ways: 
(1) as regards coupling to the platform an 
(2) as regards internal coupling. Referred to : 
plane supporting the whole body, the legs and 
thorax have separate resonant modes of vibra 
tion, due to separate masses and different 
stiffness of contact at shoulders, hips, thigh 
and feet. A shoulder clamp*® may further com- 
plicate the system, by cancelling high fre- 
quency components working in opposite phase 
at feet and shoulders. Similarly, several other 
discrete masses (e.g., liver, intestines, thighs, 
whole limbs) are variously coupled to the 
skeleton which drives them, and move out of 
phase at higher frequencies, though damping 
may prevent any local resonance effect. These 
parallel coupled loads* were used to account 
for the excessively broad peak of body reso- 
nance recorded on our shaker table with 
footboard (fig. 2). 

This factor would operate as follows, with 
change of ballistocardiograph support (D, §, 
N, fig. 9). A light platform, with negligible 
springs, excites but little elastic reaction at 
the places of body contact; but heavier plat- 
forms or increased rigidity of support bring 
into the record these vibratory complexities, 
and vitiate the simple two-mass analog. 
Similarly, as the parts coupled to ground 
become more fixed by increasing constraint, 
(i.e., with coupling as stiff as that used in the 
direct-body and sand-bed methods), the loose: 
internal masses mentioned will begin to oscil- 
late separately, further breaking up the body 
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unity and further altering the analog. The 
bulistocardiograms of these various systems, 
erefore, do not refer to the same vibratory 
: nfigurations, and should not be expected to 
a:ree in detail. The most “standard” me- 
ianical state, then, would be that in which 
‘rees on the body from the support (in the 
rection of recording) are minimized. 
II. The loading effect is distinct from the 
mplexity of the body masses, and the various 
ays in which differing supports will actuate 
iis complexity. This factor, well known in 
s’stem design,’ depends on energy absorbed 
by the part driven. Thus the heavy Nickerson 
platform has a velocity comparable to the 
hody’s; this takes kinetic energy, and increases 
the phase shift of platform and body referred 
to the drive (fig. 3A). But because of their 
different mass and damping, the platform and 
body move with velocities which differ with 
frequency. This relative velocity makes them 
drag or load each other. With the Starr sup- 
port, the platform gets relatively little velocity 
(10 per cent) and draws rather less energy 


(= = | per cent). In the direct body method, 


the table shares negligible velocity, and so 
does not ‘load’ (distort) the body motion by 
this consideration at all. But without foot- 
board, the legs do exhibit considerable velocity 
(phase lag) relative to the thorax,** absorb 
kinetic (loading) energy, and so should drag 
the thorax out of phase with the driving 
force. Other submasses of the body (e.g., 
liver) exhibiting appreciable out-of-phase 
velocity at higher frequency, will similarly 
load their couplings and so contribute to the 
differences in the _ ballistocardiograms re- 
corded on different supports. Error due to 
loading is reduced by less velocity across 
couplings: which points again to a light plat- 
‘orm, lightly hung, with footboard. 

This “loading” does not affect the original 
‘orce pattern exerted by the moving cardio- 
vascular masses, because of the relative 
nertias involved. Conservation of momentum 
shows that the average velocity of motions in 
he body are around 49909 that of the blood 
it any instant. The kinetic energy drawn by 
he body is correspondingly small; adding a 


platform would negligibly affect the source. 
This loading effect is important to the phys- 
iology of the ballistocardiograph, because the 
cardiovascular forces observed depend on the 
reaction of the surrounding tissues and body. 
If the body is relatively immobile, the loading 
(in the mechanical sense) is least, and the 
acceleration of blood exerts its greatest bodily 
force. In an open chest, the cardiovascular 
forces see less impedance, the vessels move 
more and blood less, relative to them, so that 
the forces on the body are reduced. 

III. Related to both the change of mass 
configuration and the emergence of relative 
velocities in the body, is the change of output 
summation with frequency. Below 6 cycles per 
second, the shins may well represent the 
thoracic motion; at higher frequencies they 
are highly sensitive to the leg support, sum- 
mating the drive (from above) and constraint 
(from below) in quite a variable way. 

A Starr-type platform sums the forces 
generated at the major contacts, according 
to how excitation and phase of the tissue- 
spring force at each contact, relate to the 
platform-spring reaction. This applies equally 
to the lightest platforms, which can be shown?6 
to average out the headward and footward 
motions of thorax and feet due to respiration. 

All of these errors from whole-body record- 
ing, point toward detachment of our thinking 
of “the body as a whole”: the concept that we 
can in any accurate way measure a simple 
force on “the body” by measuring ‘‘its’’ dis- 
placement or acceleration. The attempt to do 
so leads to records which are not comparable 
between methods, and between workers with 
the same method differently adjusted. Distor- 
tion from varying mass-complexity may 
possibly be reduced by recording from thorax 
alone, with precautions not yet known. Dis- 
tortion from loading may be reduced by 
separate platforms for thorax and legs, servo 
driving to reduce the inertial reaction and 
other dynamic precautions. Summation error 
can be reduced by including less of the passive 
body masses in the sum. 

In summary, we should reduce the number 
and complexity of passive elements through 
which the ballistocardiogram is seen. As these 
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irrelevancies are reduced, statistical scatter 
should be reduced also, and the observed 
motions of a given individual should correlate 
better with his detailed cardiovascular dy- 
namics. 


GENERAL CONCLUSIONS 


(1) Physical. The effort to use our under- 
standing of one- and two-mass vibratory 
systems inversely to compute an individual’s 
“true ballistic force’ pattern (Fy) is not 
wholly successful. Not one, but several “‘true’”’ 
F, curves emerge, according to the body sup- 
ports in use. The differences are systematic, 
not merely random. This failure of the two- 
mass body-bed analog is attributed mainly 
to the breakdown of vibratory unity, espe- 
cially above body resonance. In addition, the 
contribution of these smaller masses varies, 
because their coupling depends on the con- 
straints and loading by the support. The 
simple concept of a two-mass chain omits 
such variable internal coupling factors. 

As the constraints are reduced (e.g. Nicker- 
son method) the force pattern, Ff, computed 
from the displacement ballistocardiogram ap- 
proaches the acceleration pattern from the 
mercury bed. However, most of the ballistic 
information is simply omitted from the dis- 
placement record because the body mass acts 
as a high-cut mechanical filter in all methods 
in current use. The faster details, once at- 
tenuated into the ‘noise’ level, cannot be 
recovered by the method of inverse correction. 
On the whole it seems better to use supports 
whose constraints do not appreciably select or 
distort the ballistocardiogram in the first 
place, e.g., light pendular or fluid supports. 

Because of these factors, one should not 
identify with cardiovascular force either this 
computed driving force (F,) or any of the 
force ballistocardiograms interpreted from 
present whole-body methods. Until the trans- 
mission system of the body components is 
studied, as well as the actual forces being 
generated at their several origins in the living 
system, this identification 
ranted. 

The emphasis in this paper on the con- 
tribution of somatic transmitting elements to 
the head-foot ballistocardiogram, does not 


seems unwar- 


imply disregard of other major problems. 
Hardly mentioned here is the importance :f 
analysing the components of the ballist.- 
cardiographic pattern. Each event, even whe i 
properly recorded, arises from a composite «f 
discrete but overlapping physiological fore: s 
whose relative magnitude can change i) 
pathologic states. Furthermore, their intrins 

directions are variable and only partly i 

the head-foot direction. The cardiovascula : 
forces should no more be judged from a unidi- 
rectional ballistocardiographic record than a 

electrocardiogram from a single lead. Th 

application of proper mechanical principle 

to lateral and anterior-posterior recording, a 

well as studies of blood-forces at their origin 
are therefore problems as important as furthe: 
removal of irrelevancies from the head-foot 
record. 

(2) Clinical Application. If the mechanical 
unity of the body usually assumed were a good 
approximation, one could use it practically to 
find the cardiovascular force pattern. Failing 
this unity, one may ask why a body-platform 
analog should be used at all. The two-mass 
model does seem justified as a practical way 
to compare the properties of various ballisto- 
cardiographic supporting systems used clini- 
cally. Some system must eventually be selected 
as the method of choice. Our analysis shows 
that all the methods hitherto used clinically 
cause irreversible distortions not only of 
body motion, but of the cardiovascular force 
pattern as well, and pass but a small fraction 
of the information available. The analysis also 
points to the design of simple supports which 
minimize the coupling to ground, however 
complex may be the force generator and the 
somatic transmitting system which it drives. 
These simplifications become more essential, 
as we move to include the other vector com- 
ponents both of the cardiovascular force and 
of the dynamics in bodily transmission. 

In a clinical framework larger than ballisto- 
cardiographic methodology, the major need is 
to reduce the scatter in normal ballistic wave 
form, and the high incidence of false abnor- 
mals which reduce the diagnostic value of 
individual records. Insofar as this scatter and 
abnormality can be attributed to irrelevancies 
in the bodily transmission and support, such 
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matters deserve intensive study. So far, this 
s udy has shown (1) how and why errors 
‘om ground forces can be reduced, and (2) 
at with this; a much wider force spectrum 
in be recorded: i.e., that the characteristic 
| allistocardiographic record has much more 
: sable detail. 

Such additional information can lead to 

mfusion, if handled simply by correlation 

ith disease. Further study is needed to see 
hat aspects are cardiovascular, and what is 

ill body artefact. Clinical studies can then 

‘ad to new definitions of the normal, in the 
cisplacement, velocity and acceleration bal- 

stocardiograms. The task then remains of 
explaining the normal and abnormal details 
in terms of the composite cardiovascular 
functions which evoke them. 

We should be warned by progress so far, 
against trying to stabilize methodology for 
clinical purposes at the present level of under- 
standing. With the electrocardiogram, the 
transmission of electric forces is relatively 
free enough of bodily complexity, to attribute 
the records mainly to the heart. With the 
hallistocardiogram, the generator itself is not 
unitary, the transmission is complex, problems 
of the support unavoidable, and more diverse 
among different subjects. To “clean up” this 
situation for clinical purposes, we may still 
expect a protracted period of improving 
methods and interpretations. The end justi- 
fies the effort, from the statistical evidence 
that the ballistocardiogram contains in po- 
tentially distinguishable form, unique in- 
formation on the functional state of heart 
and vessels. 


Summary, Part III 


(1) The cardiovascular “force pattern” of a 
single individual may be derived from his 
records taken by direct-body, Starr bed, 
Nickerson bed and mercury or pendulum bed. 
These patterns are not the same, but the soft 
Nickerson bed alters the forces less than the 
stiffer supports. 

(2) The differences are attributed (a) to the 
napplicability of the two-mass analysis, as 
used (inversely) to calculate the force pattern, 
und (b) to actual differences in the cardio- 
vascular forces exerted on the body parts 


when different supports (couplings to ground) 
change the excitation of the different internal 
couplings from cardiovascular system to body 
parts. 

(3) The simple one- and two-mass theories 
fail to eliminate the effects of supports, and 
arrive at a consistent ‘force ballistocardio- 
gram,” because (a) at relatively low fre- 
quencies, the body begins to oscillate in parts, 
(b) the platform (shin or bed) sees these mo- 
tions in different summation, depending on 
relative activation of dorsal or other coupling 
springs, (c) each type of support loads the 
body couplings in a particular pattern, de- 
pending on the relative velocity of the support 
or platform. 

(4) Because of these complexities, it is con- 
cluded that the amount of irrelevant informa- 
tion and scatter in the ballistocardiogram 
would be minimized by reducing the forces 
from the support. The softest supports 
(mercury, pendulum) introduce the least 
complications; but may themselves be im- 
proved by departing from whole-body re- 
cording and the whole-body interpretation of 
the ballistic forces. 
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SUMMARIO IN INTERLINGUA 


Le validitate del assumption fundamental 
que le corpore representa un sol massa es ex- 
aminate experimentalmente per un methodo 
que deberea cancellar le errores resultante del 
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varie typos de supporto. Le “ballistocardio- 
gramma a fortia’” que es assi derivate se 
monstra differente pro le differente supportos. 
Isto demonstra que le assumption fundamental 
non es valide. Il appare que un augmento del 
constringimento exercite per le supporto re- 
sulta in un augmentate complexitate del oscilla- 
tion del corpore. Isto adde irrelevante detalios 
al desirate information cardiovascular. Il seque 
que le supportos que causa resonantias in le 
banda ab 4 a 10 cyclos per secunda (methodos 
a tibia e a arena) introduce le plus importante 
errores; le supporto de Nickerson, que es plus 
molle, resulta in errores minus seriose; e le 
errores del methodos a pendulo es le plus 
negligibile. Es discutite le rolo de fractionation 
corporee, de summation del platteforma, e del 
energia de accopulamento. 
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Appendix 7. 


Transmission spectrum and system-frequencies of a 
damped body-bed system. The equations of a damped 
two-mass system may be solved quite briefly: 
For a single frequency f, the force equations (2a) 
become in vector form4?: 


» 2 
(2a) —wy + jor (Yo — Yp) 


k Fy 
+ = (yo — Yr) = — 
he 


Yp — 1 
a (yp yo) 


(2b) u(-w" +t + iat) + 


Mp 


oD _ Fy 
+ je m, o yo) = Mp’ 
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‘hange into dimensionless form by substituting 


he ratios below: 
Tb Mp 
— ae ie 
Mb Mp 


To 


and divide by a’: 


7 


F 
(Ba) yo(l — 6° + 38") — yell + 38’) =— 5 


MpWp 
(3b) yolk? + u — & + j6’u(1 + R)) 


I 
“oF _ Pp 
yo(u + jB’u) = a 


From this pair of equations, the various ballisto- 
cardiograph frequency characteristics can be de- 
rived in a single algebraic step, as follows: 

IA. To get the spectrum of platform displacement 
referred to force driving the platform, set F, = 0 
and eliminate yp: 


I+u+F + R/S 
B pR + F 
C=1+y4+HR 


Yn _ w(l — B) + 78/Q 
(4a) F, = a. 


where D = (F? — Af® + B*) + j8(B — BC)/Q. 


letting A 


This is the equation shown graphically in figure 2C 


the dotted line. 

B. To get the spectrum of platform acceleration 
referred to force driving the platform, multiply (4a) 
by w? and use the relation p/k, = 6?/mpw? 


(4p) Ye = Ye ae 


ry, Fo 


These solutions are left in the form of vector 
components, as more useful for comparison and 
shecking. The expressions for amplitude and phase 
we readily derived by vector algebra. Thus for the 
reneral form => r. appearing in equation (4): 


w+ jz 
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uw + va 
— 3 ; the quadrature 
w+2 


the in-phase component is 


v(w — v) 


component is wpe? the phase angle tan—'¢ is 


_? ; the amplitude is / i . These al- 
uw + vz w+ 2 

gebraic forms are too cumbersome to be informative. 
Instead, we have presented the same results in 
graphic form (figs. 3 and 4). The solutions were 
obtained by reading voltages from an electric ana- 
log, a circuit having identical equations (fig. 2C). 


II A. To get the spectrum of platform displace- 
ment referred to force on body, set F, = 0 and elimi- 
nate y, from equations 3: 


(5) Ye _ w 1+ 18/0 
Fy ke D 

This is the behavior of a two-mass mechanical filter 
at first flat, then falling off at the rate of f? and even- 
tually at f*. It is the response characteristic of the 
Starr or Nickerson ballistocardiographic methods 
(fig. 3A), using corresponding values of platform 
stiffness and damping. 

B. To get the spectrum of platform acceleration 
referred to force on body, multiply this by w*: 


(5b) op _ Ue _ 1+ 58/0 
Fy Feo mp OD 


Since the quadrature component (j terms) is 
small (Q = 2) in mid-spectrum, the acceleration 
characteristic is flat in the middle, and drops at 
both ends (fig. 3B and 4B): fast at low frequency 
(8 « 1) as shown by the F term, and slowly at high 
frequency (fig. 7). This is the behavior of a band- 
pass mechanical filter, which is the nature of the low 
frequency ballistocardiograph suspensions which 
record acceleration. It is the same as equation (5a) 
but rotated clockwise about f, (as in fig. 1C). 

III. To get the locus of the two system frequencies 
for the free oscillation of a damped two mass system, 
make both F, and F, = 0, eliminate y, and yp 
simultaneously from equation 3a and 3b and solve 


for B = f/fs: 
(6a) (64 — Af? + F*) + j8(B — BC)/Q = 0 
i.e., real part + imaginary part = 0 


recognizable as the denominator D of equation (4) 
and 5. 

Since this whole vector equals zero, its ‘‘real 
part” does also. This yields the formula for the 
natural modes of oscillation of the doubly damped 
two-mass system, i. e., the two system frequencies: 


(6b) Bie = fie/fe = A+ VA? — 4P, 
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where, as before 
A=1+yu+F? + uR/S 
F = fy/fo 


Without damping (uR/Q2 = 0), A =1+yu+ F 
and (6b) reduces to: 


(7) fie =f2/IM +FP2+WVW(M + FP)? — 4P 


mp + Mp 
Mp 


where M = 1+ y= 


This is the equation for f,.2 derived in appendix 
8 for an undamped system, and plotted in figure 6. 
The effect of the damping shown in equation 6b 
is to shift the line of symmetry in figure 6 to slightly 
higher frequencies, by the damping term up R/Q? = 
ert determined by mass of platform, spring and 
Mpky 
damping of body. It also spreads the lines of Figure 
6 by a similar value. With actual ballistocardio- 
graph values, the error of the curves in figure 6 due 
to neglect of damping is about two per cent. 


Appendix § 


The two undamped system frequencies or natural 
resonant modes of the body and bed coupled to- 
gether are obtained more simply, by substituting 
the vector (appendix 2) in equation (3) above and 
equating to zero /’,, #, and the damping. From this 
“homogeneous equation” the y’s drop out, and the 
resulting simple quadratic equation relates the 
system frequencies fi,2 (= w22/4m*) to the fre- 
quencies of body alone (f,) and platform alone 


(fo) : 


my + Mp 
Mp 


pelt ™em pl eni-o 


Solving this for f? 2: 


(7) fis = f3/2 15/8 ee 


Mp 





+ [a2 ype 4 Mot Mp gon 7 
Af (Fis MEY — ape, | 


which is identical with equation (7) above. These two 
values of f? give the two branches of the curve in 
figure 6, plotted as frequency versus platform 
stiffness, k,, with mass, m,, aS parameter, by sub- 
stituting: f, = 5 c/s, m, = 150/384 and f,? = 
k,/4x? m,. These system-frequency lines also 
mark the theoretical “corner” or low- and high-cut 
frequencies for the ballistocardiograph spectrum 


band, for all possible values of masses and springs f 
the body and platform. 

(a) In particular, for platform springs muc 
stiffer than body springs (upper half of figure | ) 
and light platforms, the curves approach straig] t 
lines (asymptotes) whose values are: 


lower system frequency fi = fp / - “es 
kp + ko 


= fol — hy/2ky) <, 


which is just under the body natural frequency, 
or the body oscillating on both springs in series. 


1 ae a 
upper system frequency fo — = VV kp + ke =. 
<7 Mp 


which is just over the platform natural frequency, 

or the platform oscillating between body and eartl 
(b) For platform springs much softer than bod 

springs (lower half of figure 6), the asymptotic lines 

are: 

lower system frequency: fy = fp 4 / —"?—_, 

V Mp + Mp 


1 com. 1 /}. 

or f, = = = kp ae — / ky 

oT My + ™, “7 ms 

which is just under the frequency of body mass 
oscillating on platform stiffness; 


—— 
upper system frequency: fo = fy / Mp + mp 


Mp 


1 Br eet 1 a 
or - hy me Timp > — 4 / be 
2a me Mp on Mp 


which is just over the frequency of platform mass 
oscillating on body stiffness. 


Appendix 9. 


Nickerson’s transfer function method?> was used 
to illustrate a way of removing bed-distortions by 
the inverse operation. One multiplies the trans- 
mission spectrum of the body (f,/f, plotted vs. 
frequency) by the response spectrum of the plat- 
form as a second oscillator (y,/fp); the product 
gives the overall transfer relation of the com- 
bination (y,/fs). This approach avoids complex 
algebra or analog computers in finding the interac- 
tion of two damped oscillators; though it employs 
the same mechanical assumptions. 

The method proposed does illustrate clearly the 
effects of supports on the _ballistocardiograph 
record. It is a good approximation for the Stan 
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rethod where little velocity transfers to the bed, 
t ough the outcome differs somewhat from ours. 
|. this approximate method,?> combining the re- 
< onses moves the resonances together; in the exact 
tthod used in part II, the interaction moves 
m apart. That is, the Starr-bed resonance fre- 
‘iency falls below that of body alone (with foot- 
ard). When applied to the Nickerson bed above 
cycles per second, where the platform moves 
latively to the body (motional impedance small) 
e approximate method” is rather less accurate. 
ie “overall” transfer function then differs con- 


siderably from the product of the two compo- 
nents.4 It results that the cardiovascular “force” 
spectra?® determined and compared for the different 
beds by using this method inversely, need recal- 
culation above body frequency. In general, the 
physical chain (heart-skeleton-muscle-bed) cannot 
be so resolved into successively multiplied com- 
ponents (as proposed also by v. Wittern for the 
internal segments), without knowing in detail 
about the energy transfer. The less compact method 
used in this paper does include transfer of coupling 
energy from body to platform. 





Motion in Cardiovascular Radiography 


By Cuarues T. Dorrer, M.D. 


The minute has given way to the second as an expression of radiographic exposure duration. It is 
predicted that the millisecond will be the term of the future. Arterial blood velocity exceeds 50 cm. 
per second. In cardiovascular radiography, especially angiocardiography, maximum detail cannot 
be achieved unless the x-ray exposure is short enough to “stop” rapid movement. Practical experi- 
ence indicates that exposures of 3 milliseconds’ duration offer an economic alternative to high speed, 
serial angiocardiography. A method of achieving such exposures consists of a grid-controlled, high- 
tension, switch tube operated in series with the diagnostic x-ray tube. 


OTION affects the study of all living 

patients and, since 1896, has been of 

special concern to those dealing with 
x-rays. Economically, its importance is 
obvious. Undesired patient-movement during 
radiographic exposures impairs detail and, 
thereby, necessitates repeat examinations if 
mistakes are to be avoided and maximum 
diagnostic yield obtained.* More fundamental 
ways in which motion plays a role are illus- 
trated by three overlapping, radiologic ap- 
proaches to the study of the heart. The chest 
film by a single exposure minimizes (but does 
not “stop’’) motion. Angiocardiography, through 
serial radiographs, though not directly studying 
motion, makes use of its effects. Cinefluoro- 
graphic angiocardiography constitutes a pri- 
marily dynamic approach, the study of motion 
itself being dominant. 

In the ensuing discussion, various direct 
radiographic technics for angiocardiography 
will be contrasted as to their usefulness and 
limitations. Following this, an attempt will be 
made to define a practical basis for clinical 
angiocardiography in terms of frequency and 
duration of x-ray exposures. It is believed that 


This study was aided by the Machlett Labora- 
tories, Inc. and the Mallinckrodt Chemical Works. 

From the Department of Radiology, University of 
Oregon Medical School, Hospitals and Clinics, Port- 
land, Ore. 


* Painridden patients, frightened children, and 
inferiorly-trained technicians all contribute to the 
costly total of re-examinations necessitated by 
movement during exposure. At the University of 
Oregon Medical School, about 0.5 per cent of the film 
exposed is so wasted. It is estimated that undesired 
motion costs U. S. radiologists as much as $250,000 
a year. 


considerable confusion exists in this matt 
and that a logical approach is desirable. . 
relevant technical development will be dé 
scribed which allows radiographic exposures 0 
unusually short duration. 


Exposure Rates for Conventional Serial Angio 
cardiography 


Clinical angiocardiography is usually accom- 
plished by direct serial radiography following 
the injection and many different devices exist 
which provide the necessary rapid film-shift- 
ing.' Controversy exists, concerning the number 
of exposures per second desirable for angio- 
cardiography. The optimal rate can be as- 
sumed to be some place between advocated 
extremes of 1 and 12 per second. If new and 
better equipment is to become available, more 
precise specifications are needed. Advice given 
to the manufacturers should be carefully con- 
sidered. The enthusiastic desire, to incorporate 
many extra, nonessential features in a new 
piece of equipment, can result in failure from 
the point of view of design, manufacture, sales, 
operation, maintenance and cost. Money and 
engineering spent in development and fabrica- 
tion of useless refinements could far better be 
directed elsewhere. Thus it is advisable to 
explore in a logical manner certain factors bear- 
ing upon exposure rates for angiocardiography. 
These factors are: 

(1) The period of study should be that of the transit 
period of the bolus of contrast agent. For practical 
purposes, in the absence of heart failure, this 
amounts to the 10 seconds following the injection. 
Films made thereafter will be worthless. 

(2) The exposure rate determines to a variable 


extent the amount of radiation involved. It deter- 
mines to a great extent the cost of a given examina- 
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tion and, to an even more serious degree, the magni- 
tule of equipment-design problems and costs. Thus, 
th optimal rate (and similarly the film size) is the 
minimum needed to produce the desired clinical 
re ult. 

3) Adequate detail should be achieved through 
si ort exposures rather than the “hit or miss” technic 
o| making many films in hope that one of these will 
be made during a period of immobility and will, 
t! erefore, be adequate. This point will be more fully 
d scussed subsequently. To repeat, the search for 

tail should not influence the exposure rate. 

(4) The exposure rate (number of films per second) 

ded to show all the visualizable cardiovascular 
-uctures can readily be calculated. Disregarding 
‘insharpness” due to movement during exposure, 

iis depends upon the length of time during which 

ere will be diagnostically adequate concentration 
oi the contrast agent at any given point in its route 
through the heart and great blood vessels. The 
duration of injection represents the minimal ‘spot 
opacification” period since the bolus tends to “‘string- 
out” during its passage. Study of the pulmonary 
valves serves to illustrate this point. Following angio- 
cardiographie injection, there occurs excellent 
opacification of the pulmonary outflow tract (pul- 
monary conus and pulmonary artery) for a period 
of at least two seconds duration. If at any instant 
during this period, an exposure is made in the correct 
projection, the rays will pass through the pulmonary 
valves while the leaflets are in contact with adequate 
concentrations of contrast agent. Thus an exposure 
rate of one per second is theoretically adequate to show 
any structure which might be revealed in studies made 
at far higher rates. Doubling this rate to two per 
second and controlling the time of exposure elec- 
trocardiographically will theoretically afford visuali- 
zation of all structures during the extremes of their 
systolic and diastolic excursions.* 

(5) The specific clinical fact sought for often 
requires that less than two films per second be made. 
Superior vena caval block (an extreme example) is 
as well shown by four films during 10 seconds as by 
44. Two-per-second exposure rates will suffice for 
investigative purposes where systolic and diastolic 
extremes are desired; higher rates would be desirable 
for studying intervening phases. Since there is good 
evidence that clinical angiocardiography need not 
be concerned with cyclic extremes (let alone inter- 
mediate phases), manufacturers would be design- 
wise to relegate such problems to the area of special 
research devices. 





* Systolic-diastolic studies can be achieved with- 
cut electrocardiographic control by much higher ex- 
posure rates and attendant gross inefficiency. Ex- 
} erience indicates that the ends of clinical diagnosis 
co not justify the means (whether electrocardio- 
traphie exposure control or rapid serial exposure 
rates). 


The foregoing discussion leads to the con- 
clusion that adequate diagnostic angiocardi- 
ography requires two or at most four exposures 
per second. Reasoning has been based upon 
the relatively slow movement of a bolus of 
radiopaque solution. Thus far, consideration 
has not been given to movement of the heart 
itself. The duration, as well as the frequency, of 
exposures is of great importance. 


Exposure Duration in Angiocardiography 


Many workers, with wide experience in 
angiocardiography, have strongly expressed 
their desire for angiocardiographic exposure 
rates in excess of two or four per second. Lind 
and Wegelius? and Kjellberg* are currently em- 
ploying exposure rates of up to 12 per second. 
Justification for this expensive practice (film 
for a 10-second run in one projection might cost 
as much as $100.) has been their belief that 
slow, serial studies are inadequate for many 
clinical states, especially left to right and 
bi-directional congenital cardiovascular shunts. 
This report is being written in support of a 
more efficient, alternative approach. f 

A moderately odious analogy may be ap- 
propriate: To shoot a rabbit, the wise hunter, 
by choice, and the impoverished one, by 
necessity, are prone to accomplish their ob- 
jective through a single, well-aimed, rifle 
bullet. An equally lethal alternative might be 
to fire a submachine gun in the general direc- 
tion of the rabbit at an explosion rate of 12 
per second. The rapid rate involves a greater 
expenditure of ammunition, a more expensive 
gun, increased “wear and tear’? on hunter, 
quarry, and countryside as well as much more 
noise. The essential feature of the more eco- 
nomic method lies in the aim. It is here con- 
tended that adequate radiographic detail 
represents the “aim” of the above analogy. 

The unusual success of Swedish workers in 


{+ These remarks do not apply to the elaborate, 
highly-revealing investigations of cardiac physiology 
as exemplified by Lind and Wegelius’ contributions 
to the understanding of fetal and neonatal circula- 
tion. Such studies, of necessity, take into considera- 
tion the various stages of cardiac contraction and 
represent a highly-informative, investigative ap- 
proach. 
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A 


B 


Fic. 1. Cardiac Movement. A and B are spot films of a cardiac catheter the tip of which lies in the 
pulmonary outflow tract. Though exposures were made in rapid succession and at technically identi- 
cal factors (1/20 second), the tip of the catheter is invisible in B due to cardiac motion during this 


exposure. 


showing pulmonary valvular detail is dis- 
proportionately greater than can be accounted 
for by the numerical increase in the number of 
exposures per second. It follows that a factor, 
other than the exposure rate itself, is involved. 
This factor is exposure duration. Workers, 
employing high-exposure frequency technics, 
have of necessity utilized high energy genera- 
tors anid short exposures. Kjellberg uses 1459 
a second during angiocardiography at 12 ex- 
posures per second. Most studies performed in 
our country make use of exposures lasting 
lo second or longer (often as long as one-tenth 
of a second). It is this significantly long ex- 
posure (rather than the number of films made) 
which defines the limits of conventional angio- 
cardiographic technic in the United States. 
While the optimal angiocardiographic ex- 
posure frequency is determined by rate of 
progress of the bolus itself, the duration of 
exposure is dependent upon the rate of move- 
ment of parts of the bolus and by the movement 
of any anatomical structure coming into con- 
tact with it. In the venous system, mean blood 


Fic. 2. Blood velocity. The movement of blood 
which occurred during this angiocardiographic ex 
posure (made during ventricular systole at 149 secon 
exposure duration) is represented by the superim 
posed arrow drawn to scale. Such a technic cannot b: 
expected to reveal heart valves or trabecular detai 
unless made at a certain (elusive) moment durin; 
diastole. 
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Fic. 3. Effective ‘‘frozen motion’’ through strobe 
p otography. The ultra short exposure (14999 second) 
r-veals information that could not have been ob- 
t:ined by conventional photography, through 
movies or on direct observation. Ultra short ex- 
posures offer a radiographic analogy applicable to 
the cardiovascular system. 


velocity is approximately 4 to 10 cm. per 
second; in both the aorta and pulmonary 
artery, physiologists indicate that resting 
mean arterial blood velocity ranges between 
50 and 100 em. per second! During systole, 
movement of the pulmonary and aortic valves 
will reflect this high velocity (see figs. 1 and 2). 
If adequate definition of these valve leaflets 
requires that they be “stopped”  radio- 
graphically during an excursion equal to 49 
their assumed thickness of 1 mm., it follows 
that the exposure of the film must be approxi- 
mately éo09 of a second. Fortunately, 
for clinical cardiovascular radiology, such 
ultrashort exposures are .unnecessary. Ex- 
posures 499 of a second (two milliseconds) 
should suffice for practical purposes.* In pro- 
viding detail sufficient to the need, such short 
exposures offer a highly economical alternative 
to rapid exposure studies in angiocardiography. 
Judged on the basis of preliminary studies, 
ultrashort exposures give anatomical informa- 
tion hitherto not available regardless of the 
exposure frequency employed. Analogously, 
ultrashort exposure “strobe” photography 
often provides information not discernable in 
ordinary photographs, through movies, or on 
direct observation (fig. 3). 


*Probably because semilunar valve movement 
ceurs at much lower speeds than published arterial 
ow velocities. 


Half-Wave Rectification 


Most modern heavy-duty diagnostic radio- 
graphic equipment affords exposures as short 
as 69 of a second, i.e. two rectified impulses 
Occasionally, it may be possible, by tem 
porarily decommissioning two valve tubes, to 
achieve half-cycle exposures. This deliberate 
sabotage reduces by substantially more than 
half the duration of film exposure. The useful 
exposure period in the conventional 4» second 
(two impulses) exposure is actually about lo 
second, while a single impulse will produce a 
(measured) effective exposure of only 1440 
second! The three-fold gain is readily under- 
standable since, as a result of filtration, x-rays 
generated during the initial and terminal 
phases of a given impulse fail to reach the film 
at all. This accounts for the fact that Méo 
second on the control panel may mean léo 
second at the film. Through elimination of the 
“silent” period between the effective portion of 
succeeding impulses, the three-fold shortening 
of exposure length is explained. This technic 
offers a proved, worthwhile improvement in 
the quality of angiocardiograms which can be 
achieved without great expense. Advice con- 
cerning the feasibility of such a change should 
be obtained from the manufacturer’s technical 
service division. 

High-kilovoltage radiology is becoming com- 
monplace and still further shortening of ex- 
posures is therefore possible. This cannot be 
done by filtering the beam without inordinate 
loading of diagnostic tubes. 


High Tension Switch-Tubes for Diagnostic 
Roentgenology 


A striking demonstration of short exposures 
in radiography is offered by technics employing 
surge generators and electron are cathodes. 
Utilizing condenser discharges, Slack and co- 
workers‘ produced extremely brief x-ray ex- 
posures of tremendous energy (fig. 4). Un- 
fortunately, such a technic cannot make use of 
commonly available diagnostic equipment. 

In an effort to secure greater angiocardio- 
graphic detail through short exposures, as- 
sistance was sought from the Machlett Labora- 
tories. Consultations with Mr. H. 8S. Cooke and 
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Fic. 4. Ultra short radiographic exposures (one 
microsecond in duration) showing the impact of golf 
elnb and ball. Available through the kindness of Dr. 
Charles M. Slack, Westinghouse Corporation. 


Mr. W. E. Stevenson and Mr. T. H. Rogers led 
to the conclusion that, of the possibilities con- 
sidered, a grid-controlled, electron tube oper- 
ated in series with the diagnostic x-ray tube 
offered the most profitable approach. An ex- 
perimental tube, constructed by Machlett, 
proved capable of providing three millisecond 
exposures at diagnostic energy levels. The 
description of the tube follows. 

The tube, a triode, consists of filament 
(cathode), plate (anode), and intervening grid, 
the elements being contained within an evacu- 
ated glass envelope (fig. 5). The energized 
switch-tube filament serves as a source of elec- 
trons. The tube has a “‘cut off” point at —250 
volts on the grid with +125 kilovolts on the 
anode. Thus, even though the primary circuit 
of the high tension transformer is completed, 
electrons are unable to reach the anode since 
except during exposures they are repelled by a 
negative charge (—300 volts) on the grid. Cur- 
rent therefore does not flow in the high tension 
circuit. The exposure is made by electronically 
altering the grid voltage or bias from —300 
to +300 volts. At this positive grid charge, the 
tube will pass approximately 700 milliampere 
peak with less than 500 volts drop to the 
anode. As long as the grid is held at its positive 
charge, current flows through the tube com- 
pleting the high tension circuit. 

The desired grid bias voltages are readily ob- 
tained and applied to the switch-tube elec- 
tronically (in this case by using an elec- 
tronically timed “flip-flop” circuit isolated from 
ground by a transformer insulated for 60 kilo- 
volts). It is thus possible to determine precisely 
the duration of the positive bias, and therefore 


the length of the exposure. The change in gric: 
potential which causes the switch-tube t, 
conduct may be likened to a flimsy key wi- 
leashing the tremendous force of the exposur» 
current. Due to the relatively low grid curren:, 
electronic circuits suffice. Phasing of the e.- 
posure pulse with relation to the utilized sin 
wave impulse may be varied readily. Thus, 
control of quality of the beam can be achiev: 
independent of the high tension transform: :. 
This may prove to be of importance in equi 
ment design. At the high kilovoltages a: 
short exposures employed, the beam is coi.- 
posed of fairly uniformly penetrating ray-. 
Thus far, loss of contrast has not proved to | 
a factor of importance. Diagnostic applicatior:s 
of the fairly homogeneous x-rays beams whic! 
can be obtained by this tube are being explored. 
On Nov. 23 and 24, 1954, preliminary ap- 
praisals of short exposure technics, utilizing 
this tube, were conducted by the author anc 
Machlett engineers at the Machlett Labora 
tories in Springdale, Conn. Studies consisted of 
radiographic examination of the anesthetized 
dog’s heart during catheter injection into the 
superior vena cava of 10 to 15 ec. of Urokon 
sodium, 70 per cent. Factors which proved 
satisfactory for one of the animals were 750 
milliampere peak (equivalent to conventional 
500 milliamperes), 95 kilovolt peak (KVP), 3 
msec. (1433 second) and a distance of 36 inches 
between the 2 mm. focal spot and the film. The 
dog’s chest measured 18 em. in the projection 
employed; while Eastman Bluebrand film and 
Patterson parspeed intensifying screens were 
used. Numerous radiographs at varying factors 
were made. The results, believed to be highly 
encouraging, are exemplified by figure 6. 
Detail was greatly improved. As a result, 
visualization was far superior to that of con- 
trols exposed at 149 second. Trabeculae carnae 
within the right auricular appendage and 
ventricular trabecular muscles were distinctly 
revealed. Hitherto invisible minimal retro- 
grade reflux of contrast solution entered tribu- 
taries of the superior vena cava. When this did 
not occur, contributory or mixing “‘jets’’ were 
routinely present and revealed the site and 
relative volume of streams of nonopaque blood- 
deforming contrast substance within the 
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Fig. 5. High Tension Switching Triode for Diagnostic Radiography. A. Circuit diagram. Electron- 
ically changing the grid voltage in the switch tube, B shows a “‘low power” operation allowing the 
high-powered, much higher voltage of the x-ray generator to create a current through the switch 
tube and the x-ray tube. C shows an oscilloscopic photograph of a 3 msec. x-ray tube pulse so con- 
trolled. With conventional technics, x-ray exposures are longer and less efficient. 


superior vena cava and right atrium. Clarifica- 
tion of the border between blood and contrast 
substance was sharp, allowing a fairly precise 
definition of the extent of the bolus. Demon- 
stration of the leaflets of the tricuspid valve 
was unmistakable. Though during these pre- 
liminary tests but one exposure could be made 
following a given injection, more information 
was gained about the right side of the heart 
ond its tributaries than would probably have 
leen obtained from the first four exposures of a 
(onventional two-films-per-second serial study. 


Thus, the added detail achieved through short 
exposure duration reduces the need for high 
exposure frequencies and simplifies the problem 
of equipment design accordingly. It is probable 
that through short exposures, the volume of 
angiocardiographic injection can be reduced, 
thus increasing the safety of angiocardiography 
(while at the same time its diagnostic potential 
is enhanced). 

A switch-tube has been installed in one of 
the regular radiographic rooms of the Depart- 
ment of Radiology of the University of Oregon 
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A 


B 


Fic. 6. Angiocardiography using a 3 Millisecond Exposure. Anesthetized Dog. A. Control. Right 
heart opacified. Factors: 1/10 second exposure, 95 KVP, 12 milliamperes (RMS). B. Factors: 
3 msec. exposure, 95 KVP, 750 milliamperes (peak). Detail is vastly improved. Tricuspid valve, 
atrial trabeculae, and contributory ‘“‘jets’”’ (see text) are revealed only in B. Such a technic increases 
the information gained from angiocardiography while reducing the amount of contrast agent needed 


(and thus possibly making the procedure safer). 


Medical School. Installation caused few prob- 
lems; routine use of the room is still possible 
since the tube itself is housed in a fairly small 
box and placed in the diagnostic room while 
the control box, even smaller in size, is placed 
as desired. Details of installation will vary ac- 
cording to the design of the equipment being 
modified. Basically, an important objective is 
realized in that the switch-tube timer-contactor 
is readily adapted to ordinary diagnostic ap- 
paratus and does not preclude the use of a 
more conventional timer. Since there is reason 
to believe that the life expectancy of the tube 
will be good and the production cost need not 
be prohibitively high, the switch-tube should 
not be relegated to the limbo of “for research 
only.” 

Short exposure technics represent a logical 
step in the progress of diagnostic radiology. As 
high kilovoltage through ‘wide latitude”’ 
technics can decrease film wastage due to im- 
proper quantitation of exposures, so can 
“short shot’ technics minimize the effect of 
unwanted motion during radiography. Since 
at 120 kilovolt peak (KVP) an adequate chest 
film of the average adult requires less than 1 
milliampere-second, ordinary high voltage diag- 
nostic tubes and generators will suffice. It is 


Fig. 7. A non watery opaque substance. When safe 
particulate agents (not necessarily solid but capable 
of producing punctate areas of radiopacity) are 
achieved, there will result a tremendous expansion 
of the applications of angiocardiography to the funda 
mental and clinical investigation of the cardiovas 
cular system. Very short, precisely timed x-ray ex 
posures will be essential. 


predicted that short-duration exposures will ex 
pand the potentialities of angiocardiography to 
a considerable extent. The definitive diagnosi: 
of septal defects with left-to-right blood-shunt 
ing may eventually fall to the radiologist rathe: 
than to those employing cardiac catheteriza 
tion. Its applications in the study of ventricula 
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fo'm and function are unexplored. Preliminary 
ra liographic studies employing relatively short 
eosures in the study of the left ventricular 
wll in coronary heart disease are already in 
progress and should be enhanced by milli- 
sc ond exposure technics. Calcified valves can 
b seen more clearly in radiographs made at 
stort exposures than by fluoroscopy. Other 
a) plications such as in pediatric radiography 
aie obvious. 

A strong impetus toward the development of 
utra-short exposure technics suitable for 
ci nical applications has been a _ long-term 
interest in the development of satisfactory and 
hurmless “particulate” contrast agents for use 
in cardiovascular roentgenology. These are a 
practical possibility and open up yet another 
unexplored approach. “Punctate” or particulate 
radiopaque agents of proper size and viscosity 
(whether solid, liquid or gas) should provide a 
radiologic method for studying the char- 
acteristics of blood flow (fig. 7). Abnormal 
turbulence patterns may offer valuable data 
in many disease states, such as valvular de- 
formities and cardiac arrhythmias. By measur- 
ing particle excursion during exposures of 
sufficiently short, known duration, blood 
velocity and flow may prove to be simultane- 
ously quantitable in many parts of the 
cardiovascular system. For example, simultane- 
ous blood-flows in the pulmonary artery and 
all its segmental branches could conceivably be 
caleulated from a single radiograph, while the 
determination could be repeated at much 
shorter intervals than allowed by technics 
based upon the Fick principle. Studies with 
“particulate” contrast agents necessitate the 
use of short exposures of a precisely known 
duration based upon the velocity of bloodflow. 


SUMMARY 

(1) The radiologic significance of cardio- 
vascular motion has been the underlying basis 
for the foregoing report. 

(2) The optimal exposure frequency for clini- 
cil angiocardiography has been considered in 
detail in a conscientious effort to guide those 
concerned with design and manufacture of 


future apparatus. A combination of economic, 
clinical, anatomic, and physiologic reasons have 
been advanced in support of exposure rates of 
from one to four per second. 

(3) The value of short-duration roentgen 
exposures for angiocardiography has been dis- 
cussed at length. Diagnostic accuracy is im- 
proved while economy is achieved in terms of 
the number of films needed and the amount of 
contrast agent to be used. The duration of 
exposures for angiocardiography should be 
based upon the velocity of blood-flow in man. 
The two millisecond exposure appears to repre- 
sent a reasonable objective. The frequency of 
angiocardiographic exposures is, on the other 
hand, best determined in terms of progress 
rate of the entire bolus of contrast agent. 

(4) Through the use of an electronically-con- 
trolled, grid-operated, electron tube in series 
with the diagnostic tube, three millisecond 
clinical radiographic exposures have been 
achieved. The tube is described and a number 
of its potential applications to medicine 
discussed. 
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SUMMARIO IN INTERLINGUA 


Es discutite le problema del frequentia 
optimal de expositiones angiocardiographic in 
le practica clinic. Considerationes economic, 
clinic, anatomic, e physiologic es presentate in 
supporto del selection de un frequentia de inter 
1 e 4 expositiones pro secunda. 

Es discutite in detalio le valor de roent- 
genoexpositiones a breve durantia pro ob- 
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jectivos angiocardiographic. Le duration del 
exposition debe esser determinate in relation al 
velocitate del fluxo sanguinee. 

Per medio de un tubo electronic in serie con 
le tubo diagnostic, expositiones radiographic 
de un duration de non plus que 3 millisecundas 
ha essite effectuate. Le tubo usate es describite. 
Un numero de su applicationes potential in le 
practica medical es discutite. 
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The Effect of Large Intravenous Doses of 
Sodium Borate on the Human Myocardium 
as Reflected in the Electrocardiogram 


By Hap.ey L. Conn, Jr., M.D., BernrecE B. AnTAL, M.S. AND LEE E. Farr, M.D. 


Large intravenous doses of sodium borate, given toseven patients with brain tumors, caused develop- 
ment of temporary but consistent hypoxic-type abnormalities in the S-T segments and the T waves 
of the electrocardiogram. Correlation of these electrocardiographic changes with blood boron con- 
centrations, determined up to 48 hours after boron injection, indicated that the changes were prob- 
ably the result of damage by boron, present intracellularly in the myocardium. The intracellular 
concentrations which cause electrocardiographic abnormalities are considered to be of the order of 
100 yg. per milliliter, similar to concentrations which have been shown to inhibit respiration in in 


vitro myocardial preparations. 


HE use of boron in neutron capture 

therapy for glioblastoma multiforme! 

has stimulated renewed interest in the 
acute toxic effects of this element. The boron 
dosage employed, 2 to 3 Gm. given intra- 
venously as borate, has been reported to cause 
toxie reactions. Observations, from this de- 
partment,’ of the clinical effects of rapid intra- 
venous borate administration have been pub- 
lished elsewhere. Circulatory depression and 
collapse are among the undesirable manifesta- 
tions which we have seen and which have also 
been reported by others. We are not aware of 
published studies on the pathogenesis of this 
circulatory derangement or the direct in vivo 
cardiac effects of boron. The present report 
deals with electrocardiographic changes noted 
in patients, during and after neutron capture 
therapy, and relates these changes to effects 
on the myocardium of administered boron. 
While it has been our practice to endeavor 
to obtain electrocardiographic tracings on 
patients undergoing this procedure, it was not 
until this time that the procedure itself could 
be carried out in such a manner that satis- 
factory tracings could be obtained in the 
majority of instances. 


From the Brookhaven National Laboratory, Long 
Island, N. Y. 

This research was supported by the Atomic 
‘nergy Commission. 

Dr. Conn is an Established Investigator of the 
American Heart Association. 


PROCEDURES 


These observations were carried out on seven 
patients, during and after neutron irradiations. In 
each instance, immediately before thermal neutron 
exposure, the patients received a rapid intravenous 
injection of borax taking only 55 to 120 seconds for 
administration. The total dose of borax ranged from 
18.6 to 27.3 Gm. (1.96 to 2.88 Gm. boron) which 
was equivalent to a range of 32 to 50 mg. of boron 
per kilogram of body weight. 

Serial electrocardiograms were recorded on the 
Sanborn direct writing electrocardiographic recorder. 
Intermittent recordings, from the time of injection 
during the neutron capture therapy and up to about 
one hour afterwards, were made in all patients. In 
6 of the 7 patients, additional records were obtained 
24 to 48 hours after treatment. Standard limb leads 
were used in all recordings and the post-therapy 
tracings additionally included V leads. 

Boron blood levels were determined on all seven 
patients after boron administration, at varying 
intervals from one minute to 48 hours. Estimation 
of boron concentration in whole blood was made 
by a modified quinalizarin method.* 


RESULTS 


In all seven patients the electrocardiographic 
pattern was essentially the same during the 
first hour after the boron injection. For ap- 
proximately five minutes after injection, no 
electrocardiographic abnormalities other than 
a modest increase in heart rate were observed. 
After the first 5 to 10 minutes, a frank sinus 
tachycardia always developed and cardiac 
rates of 100 to 160 per minute were usually 
present for several hours thereafter. More or 
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Fig. 1. Electrocardiographic abnormalities occurring after an intravenous injection of borax. 
Mrs. D. R. 6408, aged 31, was given an intravenous injection of 22.1 Gm. of borax containing 2.3 Gm. 
of boron. Three minutes after the injection the Electrocardiogram remained normal when the blood 
boron concentration was 189 ug. per milliliter. At 25 minutes, the typical ‘ischemic or anoxic’’ type 
of ST-T changes (see text) and sinus tachycardia were present when the blood boron concentration 
was 78 wg. per ml. Twenty-four hours after injection the Electrocardiographic pattern showed only 
slight though definite improvement. Blood boron concentration had fallen to 12 wg. per ml. Forty- 
eight hours after injection, the Electrocardiogram was normal and the concentration of boron in the 


blood had become negligible, 2 ug. per ml. 


less coincident with the onset of tachycardia, 
the previously isoelectric S-T segments began 
to show a slight negative depression and the T 
waves began to decline in amplitude. After 
10 to 20 minutes a maximal S-T depression, 
varying from 1 to 3 mm., was observed along 
with T waves which were of minimal positive 
amplitude, isoelectric, or, more commonly, 
diphasic. These abnormalities persisted without 
appreciable change during the ensuing 30 min- 
utes over which initial recordings were made. 
On the day following treatment the electro- 
cardiogram was normal in three patients, G. T. 
6351, R. T. 5984, and E. D. 5972. In three 
patients, M. F. 6024, M. H. 6012, and S. M. 
6480, the abnormal electrocardiographic pat- 
tern was only slightly improved after 24 hours. 
At this time, the tracing was approaching nor- 
mal in a fourth patient, D. R. 6408. After 48 
hours, the electrocardiogram was normal in 
all but two patients, M. F. 6024, and S. M. 
6480. The tracings on these two patients later 


returned to normal, but the date of return was 
not established. No appreciable hypotension 
was observed in any patient during the period 
of the electrocardiographic studies. 

Figure 1, showing serial recordings of the 
limb leads, demonstrates in moderate degree 
the abnormalities uniformly observed and also 
the typical time sequence of development and 
regression of these abnormalities. 

Blood boron estimations, carried out on these 
patients, permit certain correlations and 
diversities to be pointed out. One patient, R. T. 
5984, who received two irradiations six weeks 
apart, and the lowest boron dose, 32 mg. per 
Kg., showed a return to a normal tracing within 
24 hours. The other two patients whose tracing 
returned to normal in 24 hours, G. T. 6351 and 
E. D. 5972, had each received a boron dose of 
approximately 42 mg. per Kg. On the othe: 
hand, M. G. 6012, who received the same dose 
but who clinically was much more toxic (pre- 
sumably as a result of boron administration) 
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h:d not regressed to a normal tracing within 
this 24-hour period, following either of the two 
ti -atments given six months apart. Patient 
1. R. 6408, whose tracing was approaching 
rmal after 24 hours, had received a dose of 
ron of 46.5 mg. per Kg. Patients M. F. 
129 and J. M. 6480, whose electrocardiogram 
mained abnormal after 48 hours, had re- 
ived boron doses of 34 mg. and 50 mg. 
r Kg., respectively. That the electrocardio- 
‘aphic abnormalities are not caused 
:ecifically by high blood boron concentra- 

ons is shown by the fact that the deviations 

id not occur during the first five minutes after 
iijection, when the concentration ranged as 
high as 249 wg. per ml. in J. M. 6480, and was 
‘rom 170 to 180 ywg. per ml. in most of the 
other patients. Delayed excretion of boron was 
marked in patients M. F. 6029 and M. H. 6012, 
as evidenced by blood concentrations of <40 
ug. per ml. and 12 yg. per ml., respectively, 
24 hours post injection. The other patients, 
including J. M. 6480, showed blood concentra- 
tions at this time of 4 to 6 wg. per ml. 

The onset of electrocardiographic changes 
was unrelated to the initiation of neutron 
bombardment of the tumor area and no char- 
acteristic changes were noted during the neu- 
tron radiation. In this study, the exposure 
area was 10 by 10 cm. and the thermal neutron 
flux was 3 X 10° neutrons per square centi- 
meter per second. In the group of 10 patients 
treated earlier,! the exposure area was 5 by 10 
cm. and the thermal neutron flux was 2 X 10° 
neutrons per square centimeter per second. The 
total neutron dose was much larger in the 
present group of patients but the type of elec- 
trocardiographic changes was identical in 
both groups. 


me SF Oe 


Discussion 


These data indicated that blood boron con- 
centration, per se, was not the critical factor 
in initiating electrocardiographic changes, for 
he electrocardiograms showed a_ normal 
nattern during the first five minutes, following 
,0ron injection, when blood levels ranged up to 
249 ug. per ml., with a median concentration of 
85 ug. per ml. The onset of cardiac disturb- 
inces, reflected by the electrocardiograph, was 


at 10 to 20 minutes after injection, at a time 
when significant amounts of boron have pre- 
sumably entered the cell water. Approximate 
calculations, from blood boron disappearance 
curves and volume distribution data in these 
patients, suggests that a large fraction of the 
boron is within the cells. Agreement is found 
from similar calculations on blood boron dis- 
appearance curves and volume distribution 
data in dogs’ and mice,*® subjected to a rapid 
intravenous injection of boron. The present 
data also suggest that the period required for 
regression to a normal electrocardiogram is not 
dependent solely on blood boron concentration, 
vide J. M. 6480. However, in all the other 
patients, regression of electrocardiograms to 
normal had occurred, when the blood boron 
concentration was below 12 ug. per milliliter. 
One other patient, M. F. 6029, showed a blood 
boron concentration of 40 ug. per ml. after 48 
hours because of severe oliguria and he con- 
tinued to exhibit electrocardiographic changes. 
Prolongation of electrocardiographic changes 
would thus appear to be the result of cellular 
damage, resulting from a significant concentra- 
tion of boron acting over some period of time. 
The nature and general extent of the elec- 
trocardiographic changes were consistent and 
characteristic, although they .were nonspecific 
abnormalities of the ST-T segments. This type 
of change is similar to that found with hypoxia 
of the myocardium and has often been referred 
to as the hypoxic or ischemic type of pattern. 
However, there is doubt whether this pattern 
specifically connotes hypoxia, because it occurs 
under other circumstances in which no cell 
hypoxia has been demonstrated, such as altera- 
tions in electrolyte concentrations and dis- 
tribution, particularly of sodium and 
potassium, and following digitalis adminis- 
tration. While we cannot exclude an 
intracellular electrolyte derangement as a 
consequence of flooding of the myocardial cell 
with boron, other experimental work, done in 
vitro on slices of mammalian myocardium, 
showed that concentrations of the order of 100 
ug. per ml. of boron in the medium produced 
inhibition of respiration.’ This is in the range 
of the concentrations present in the in vivo 
perfusion medium of the patients, i.e. the blood. 
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A consideration of all the data we have 
presently at hand suggests this as a working 
hypothesis: the entrance of boron into the 
myocardial cell in appreciable concentrations 
produces an injury resulting in cell hypoxia 
which is reflected by a characteristic abnormal 
ST-T pattern in the electrocardiogram. Addi- 
tional data are obviously required to validate 
this concept. 


SUMMARY 


Serial electrocardiograms were recorded in 
seven patients receiving boron intravenously 
as a part of the neutron-capture therapy of 
glioblastoma multiforme. A consistent hypoxic 
type of electrocardiographic abnormality, in- 
volving decrease in amplitude or actual nega- 
tivity of the ST-T segments, was observed 
acutely. When the boron was rapidly excreted 
or the total dose was less than 50 mg. per kilo- 
gram body weight the  electrocardiogram 
returned to normal within 24 to 48 hours. A 
tentative hypothesis is advanced regarding the 
mechanism of action of boron in the 
myocardium. 


SUMMARIO IN INTERLINGUA 


Le administration intravenose de large doses 
de borato de natrium a7 patientes con tumores 
cerebral causava le disveloppamento temporari 
sed infallibile de anormalitates hypoxicoide in 
le segmento S-T e in le unda T del electro- 
cardiogramma. Le investigation del correlation 
de iste alterationes electrocardiographic con le 


concentration de boro in le sanguine a periodos 
usque a 48 horas post le injection resultava in 
constatationes que indica que le alterationes 
mentionate es probabilemente le consequentia 
de damnos causate per le boro que es intra- 
cellularmente presente in le myocardio. Le 
concentrationes intracellular de boro capace a 
evocar anormalitates electrocardiographic es 
probabilemente presso a 100 ug pro millilitro. 
Assi il se tracta de un concentration del grado 
general que es demonstratemente capace a in- 
hibir le respiration de preparatos in vitro de 
texito myocardial. 
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Aemodynamic Changes Associated with Fluid 
Retention Induced in Noncardiac Subjects 
by Corticotropin (ACTH) and Cortisone; 
Comparison with the Hemodynamic 
Changes of Congestive Heart Failure 


By Roy E. Autsert, M.D., WARREN W. Smiru, M.D. anp Lupwie W. Ercuna, M.D. 


This study proposed to determine whether marked fluid retention, induced by ACTH and 
cortisone, produces hemodynamic alterations similar to those of clinical congestive heart failure. 
Of 20 noncardiac subjects, four gained marked amounts of fluid, became edematous and three de- 
veloped symptoms and signs consistent with congestive heart failure. The associated hemodynamic 
changes were similar to those of congestive heart failure in that the heart enlarged, “blood volume” 
increased and right heart and venous pressure rose, but differed in that cardiac ouput and A-V 
oxygen difference remained normal. It is suggested that the nemodynamic state associated with 
marked fluid retention is a noncardiac circulatory congestion which simulates congestive heart 
failure in several non-specific hemodynamic functions but differs in that primary cardiodynamic 
functions remain normal and the heart does not fail as a pump. 


ONGESTIVE heart failure is charac- 

terized clinically by the presence of 

circulatory congestion in the vessels 
leading to either the right heart, the left 
heart or both; it is this congestion which gives 
rise to most of the symptoms and physical 
signs considered diagnostic of congestive heart 
failure. One of the hypotheses advanced to 
explain the genesis of this circulatory con- 
gestion holds that a primary failure to excrete 
salt. and water leads to the retention of fluid in 
the vascular system, which in turn produces 
the characteristic congestion and manifesta- 
tions of congestive heart failure.': ?» * In recent 
years, there has been increasing evidence that 
clinical manifestations similar to those ob- 
served in congestive heart failure may occur 
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in association with fluid retention of non- 
cardiac origin, for example, after daily intra- 
venous infusions of serum albumin,‘ during the 
oliguria of acute glomerulonephritis,*: ° follow- 
ing excessive fluid intake in lower nephron 
nephrosis’: *»* and during the administration 
of the salt and water retaining substances, 
desoxycorticosterone acetate (DCA), corti- 
cotropin (ACTH) and cortisone. 

It was the purpose of the present study to 
determine whether marked accumulation of 
fluid, produced in noncardiac subjects by the 
administration of salt and water retaining 
substances, could induce cardiovascular hemo- 
dynamic alterations similar to the changes 
observed in naturally developing congestive 
heart failure. Such determinations should bear 
directly upon the various hypotheses of the 
genesis of congestive heart failure. 


METHODS 


Cardiovascular dynamic functions were deter- 
mined in the same subjects in the control state and 
again when maximal fluid accumulation had been 
produced by the administration of corticotropin 
or cortisone. In approximately one-half of the sub- 
jects the control determinations were made before 
administration of the drug, in the other half after 
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completion of the diuresis and weight loss which 
followed discontinuation of the drug. The following 
hemodynamic functions were measured: cardiac 
output by cardiac catheterization and the direct 
Fick method;" oxygen consumption by the open 
method with analysis of exhaled air for oxygen and 
sarbon dioxide by the Beckman oxygen analyzer;!* 
pressures in the right heart and peripheral systemic 
artery by direct recording with Hamilton manome- 
ters; peripheral systemic venous pressure by saline 
manometer; oxygen content of arterialand right heart 
blood by manometric analysis; “blood volume’’* 
by the Evans Blue dye (T-1824)f dilution method" 
and electrocardiogram by string galvanometer. Body 
weight was determined daily. Plasma potassium 
and serum sodium concentrations, measured by 
flame photometer, were determined on the day of 
the hemodynamic measurements and once weekly 
during the period of administration of the drugs. 
Heart size was estimated by teleoroentgenograms of 
the chest taken on the day of the hemodynamic 
measurements. 

Hemodynamic determinations were made in the 
morning after an overnight fast. Three successive 
sets of measurements were carried out with the 
subjects supine and at rest. The samples of exhaled 
air, arterial and mixed venous blood were collected 
over a three-minute period; the various pressures 
were recorded during the immediately preceding 
two-minute “washout”’ of the Tissot gasometer. The 
concentration of the dye T-1824 in serum was 
extrapolated to the time of injection from measure- 
ments on samples taken 10, 20, and 30 minutes after 
injection of the dye. The data presented are the 
averages of the three individual measurements, 
except in occasional instances where technical dif- 
ficulties resulted in fewer determinations. Standard 
procedures were used in the calculations. The values 
for surface area were always based on the patient’s 
edema-free weight. 

Of the 14 subjects who received corticotropin, 
seven were convalescing from some intercurrent 
disease, three had rheumatoid arthritis, one had 
arthritis other than rheumatoid, one had lupus ery- 
thematosus disseminata and two were patients with 
heart disease who had just recovered from congestive 
heart failure with bed rest and mercurial diuretics, 
but without digitalis (table 1). Of the eight subjects 
who received cortisone, six were convalescing from 
an intercurrent disease, one was being treated for 
sarcoidosis and one for rheumatoid arthritis (table 


* The shortcomings of the dye dilution technic for 
measurement of blood volume are keenly appreciated, 
but the method does give results in the same direc- 
tion as more precise methods and serves, therefore, 
to indicate changes in blood volume. 

¢t Generous supplies of Evans Blue dye were sup- 
plied by the Warner-Chilcott Laboratories. 


3). Except for the two known cardiac patients, no 
subject had evidence of heart disease as judged 
from the history, physical examination, electro- 
‘ardiogram or roentgenographically determined 
heart size. No subject was febrile during the period 
of study and all partook of the usual hospital ward 
activity. Cortisone was given orally as Cortone ace- 
tate and corticotropin as Acthar intramuscularly. 
The duration of administration was two to six 
weeks. The subjects ate the regular hospital diet 
without restriction or addition of salt and received 
2 Gm. of potassium chloride daily. 


RESULTS 


Almost every subject gained some weight 
presumably as flesh and this weight was not 
lost during the diuresis which followed dis- 
continuation of corticotropin or cortisone. Since 
the study was focused on the effects of fluid 
retention, the values for fluid gain in tables 1 
and 3 exclude weight gained as flesh and were 
derived by obtaining the difference between 
the maximum weight while receiving the drugs 
and the weight after completion of the diuresis 
induced by withdrawal of the drugs. Most of the 
subjects (10 of 14 receiving corticotropin and 
3 of the 8 receiving cortisone) gained no fluid, 
or less than five pounds. In this category 
are the two undigitalized cardiac subjects who 
received corticotropin shortly after recover- 
ing from congestive heart failure. Five subjects, 
one receiving corticotropin and four cortisone, 
gained moderate amounts of fluid, from 9 to 14 
pounds. Four subjects, three receiving corti- 
cotropin and one cortisone, gained considerable 
amounts of fluid, 16 to 23 pounds. Only these 
subjects presented clinical manifestations in 
any way suggesting congestive heart failure. 
Serum sodium and plasma potassium concen- 
trations remained essentially unchanged in all 
subjects. Since the hemodynamic alterations 
produced by corticotropin and cortisone were 
largely similar, the changes produced by the 
two substances will be considered together. 

Minimal Fluid Retention. When fluid gain was 
absent or small, less than 5 pounds, alterations 
in hemodynamic functions were likewise absent 
or small (tables 1, 2, 3, 4 and fig. 1). The most 
frequent change was a small increase in the 
residual pressures in the right heart, greater in 
right ventricular end diastolic pressure than in 
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Subject Dave: | Biaid Oxygen | Arterial Mixed | A-V Oz | Cardiac 
Sex, Age, Surface Dissieads Total * ti Gai Consum.| Oxygen Venous | Diff. Index 
Area os Dose | pave an, |ml/M2/| — vol. Oxygen | vol. | L./M2/ 

yrs. M2 ~ — min. % vol. % % | min. 


TABLE 1.—Effect of ACTH on Cardiac Output and Blood Oxygen Extraction 


S.: M, 52, 1.70 Recovered Coryza }1.8/ 13 | O | 125 17.7 | 12.9 


| | 124 | 17.1 | 12 
1.T.: M, 56, 1.85 | Recovered Pneumonia lo.0 | 2 | © 106 Is:4.}) i 


| 137 | 15.3 | 10. 
1.G.: M, 46, 1.82 Alcoholism Phlebitis | 21 18 157 13. 


149 14. 
.: M, 14, 1.60 Rheumatoid Arthritis 11.6] 20 | 140 18.¢ 


134 7; 
.: M, 30, 1.77 No Diagnosis 14.1) 21 | | 110 

| 145 

.: M, 50, 1.87 Bronchial Asthma 3.0} 22 132 

122 

3.: M, 23, 2.00 | Arthritis Undiagnosed 2.0| 16 172 

Type | 

C.: M, 67, 1.89 Arterioscler. Heart 4.1 26 

| Disease 

.: M, 52,1.75 | Recovered Pneumonia 1.5] 15 


OWN OONADNWWONR AO | 
| 





.: M, 61, 1.57 | Arterioscler. Heart 3.2] 16 
Disease 
.: M, 49, 1.48 | Pulmonary Fibrosis | 1.8 | 23 9. 


~ 
> 





“I 0 


.:M, 53, 1.64 Rheumatoid Arthritis '2.3| 19 | 16 


or 00 


.: F, 48, 1.49 | Lupus Erythematosus | 3.9 | | 19 


— 
oo 





DONWON N DOOM SMEPOROUMHAMAOANON 
MOD PANE ODN WMNMNOODOWRARHWONH ORD 





© 





W.C.: F, 42, 1.53 | Rheumatoid Arthritis | 3.0 | 25 | 19 














For each subject the first set of determinations are control, the second set at peak of ACTH effect. 
* Doses in thousands of units. 


right atrial pressure. Femoral arterial pressure dyspnea on exertion and orthopnea of sufficient 
also tended to rise. Both pressure changes were degree to make sleep at night a little difficult. 
more frequent in subjects receiving cortisone The clinical manifestations were consistent 
and largely absent in subjects receiving with mild congestive heart failure. In these 
corticotropin. No consistent changes occurred three subjects the heart size increased appre- 
in the other hemodynamic functions and indeed ciably and congestive changes (rales) appeared 
the data of these subjects served largely to in the lungs (fig. 2). The electrocardiogram 
indicate the satisfactory reproducibility of the remained unchanged, except for occasional 
measurements in the same subjects, under the ventricular premature contractions in subject 
conditions of the study. None of these subjects T. M. for several days at the height of the 
developed changes in the electrocardiogram or fluid gain. All of the above manifestations 
in heart size. disappeared and the control state returned 
Marked Fluid Retention. The four subjects after completion of the diuresis which followed 
who gained more than 15 pounds of fluid all discontinuation of corticotropin or cortisone. 
developed edema, rated as moderate in degree. The marked fluid retention in these three 
Three of the subjects (F. R., W. C., T. M.) who subjects was associated with increases in 
gained 16, 19 and 23 pounds of fluid developed, vascular pressures and “blood volume’’ but 
in addition, slight venous congestion, mild without change in cardiac output. The in- 
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TABLE 2.—Effect of ACTH on ‘‘Blood Volume’’ and Vascular Pressures 


Plasma 
Vol. 
L./M2 


“Blood 
Vol.” 
L./M2 


Arterial 
Het. 
<3 


€ 


Subject 


FA 


122/65 
140/71 
136/74 
141/75 
150/86 
148/83 
119/75 
117/75 
125/73 
150/84 
123/76 
126/76 
160/90 
160/80 
121/78 
152/84 
128/67 
141/72 
141/72 
159/75 
113/62 
150/81 
125/58 
159/76 
127/74 
130/59 
120/70 
146/70 


.70 


35. 
42. 
38. 
42. 
40. 
31. 
30.0 
27.0 
34.0 
33.0 
36.0 
26.0 


A.H. 


WwWwWwWwww w td 


NWweK NK Ww Ne 


E.R. 


F.R. 95 
34 
80 


72 


C.R. 


W.C. .69 


40 


Ne wR bw th 


2. 
3. 
2. 
3. 
2 

3. 


(82) 
(90) 
(94) 
(94) 
(104) 
(104) 
(88) 
(88) 
(90) 
(104) 
(90) 
(89) 
(116) 
(102) 
(88) 
(104) 
(88) 
(92) 
(92) 
(103) 
(72) 
(99) 
(77) 
(96) 
(92) 
(82) 


For each subject the first set of determinations are control, the second set at peak of ACTH effect. 


Pressures in parentheses are mean pressures. 


Systemic 
Vascular 
Resistance 
mm.Hg/L. 


Pressures mm. Hg 
| 
| 
min./M.2 
| 


21/10 (15) 


ano 


19/10 (12) 
20/11 (16) 


ooN NS 


32/10 (21) 
28/15 (24) 


=m weds | 


— 


ow 


<s | 
[705 =— +. & = 


5 


13 


FA—femoral artery; PA—pulmonary artery; RV—right ventricle; RA—right atrium; Vein—axillary. 


creases in pressure occurred in all parts of the 
circulatory system: (1) residual pressures in the 
right heart, i.e. right atrial pressure and right 
ventricular end diastolic pressure; (2) right 
ventricular systolic pressure and presumably 
pulmonary artery pressure; (3) systemic venous 
pressure and (4) systemic arterial pressure 
(tables 2, 4 and figs. 3 and 4). The increases in 
right ventricular end diastolic pressure were 
proportionately the most marked. ‘‘Blood vol- 
ume” increased by 0.6 to 1.3 liters (tables 2 
and 4). There were no changes in cardiac out- 
put or in arterial-mixed venous oxygen extrac- 
tion (tables 1, 3 and figs. 3 and 4). 

Subject C. R., who gained 19 pounds of fluid 
while receiving corticotropin, differed from the 


above three subjects in that she remained 
asymptomatic, developed smaller increases in 
right heart pressures and no rise in femoral 
artery pressure. However her ‘‘blood volume” 
increased by 1.3 liters. The hemodynamic 
changes in this patient indicate the lack of cor- 
relation between increases in vascular pressures 
and increases in “blood volume’’, a result which 
occurred not only in the subjects with marked 
fluid retention, but in all subjects studied 
(tables 2, 4). Increases in vascular pressures 
appeared more consistently related to the 
degree of water (and presumably salt) reten- 
tion (table 5). 

As expected, when the fluid gain was of 
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TABLE 3.—Effect of Cortisone on Cardiac Output and Blood Oxygen Extraction 


Subject 
Sex, Age, Surface 
rea 


| 

| 

| 

yrs. M2 


VP. M, 14, 1.59 
.: M, 46, 2.08 

.: M, 38, 1.88 

.: M, 45, 1.80 

.: M, 38, 2.10 

5.: M, 62, 1.89 
J.Pa.: M, 53, 1.58 


T.M.: M, 62, 1. 


For each subject the first set of determinations are control, the second set at peak of cortisone effect. 


Sarcoidosis 


| Alcoholism 


Diagnosis 


Hepatic Cirrhosis 
| Alcoholism Neuritis 
| Recovered Pneumonia 
Recovered Pneumonia 
Recovered Pneumonia 


| Rheumatoid Arthritis 


Total 
Dose 
Gm. 


2.0 
4.5 
3.4 
6.1 
4.2 
5.4 
3.8 | 


3.4 








Oxygen | Arterial 
Consum.| Oxygen 
ml./M.2/ vol. 


min. % 


Fluid 
Gain 
pds. 


Dura- 
tion 
Days 


20 142 
143 
29 
124 


16 


vol.% | % 
| | 


Mixed A-V O2 | Cardiac 


Diff. 
vol. 


Venous | 
Oxygen | 


ndex 
| L./M.2/ 
| min. 
11.8 | 3.8 | 3. 
12.6 | 4.6 | 3. 


12.6 4.¢ 2.9 





150 16.7 


27 


4. 


w 
~I 








128 
125 
142 

97 
120 
138 
139 
| 128 
| 136 


13.6 
16.9 
i 
17.6 
15.5 
15.2 
12.2 
18.6 
15.0 


21 





27 


19 


17 


9.2 
13.6 
13.2 
13.7 
11.2 
10.3 
8.6 | 
14.4 
10.4 


4. 
3. 
4. 
3. 
4% 
4. 
3. 
4. 
4. 


wWwwnNnNnNWwhd 
DOMDMUARMDWS 





42.5 


44.0 


40.0 


37.0 
39.0 


40.0 








Pressures mm. Hg 


Systemic 
Vascular 
| Resistance 





PA 


| mm.Hg/L. 
min./M.2 





137/92 (109) 


150/100 (117) 
194/110 (138) 
173/92 (120) 


140/75 (102) 


168/88 
140/82 


(116) 
(102) 


21/11 (15) 


22/10 (16) | 
| 


35/22 (27) 
33/17 (24) 
21/8 (16) 


32/13 
21/5 


11.6 
14.6 


9.2 
6.9 


11. 


166/88 


(111) 


43.0 
38.5 
40.0 
34.0 
40.0 | 
39.0 | 


137/64 
206/88 
122/64 
156/80 

| 145/73 

| 156/87 


2.18 
1.74 
2.22 
1.51 
2.00 


J.Pa. 


TM. 


For each subject the first set of determinations are control, the second set at peak of cortisone effect. 


Pressures in parentheses are mean pressures. 


(91) 
(123) 
(88) 
(109) 
(89) 
(104) 


1 

6. 

| 24/10 ie 

— | 21/4 - 10. 

| 40/15 | He 

20/0 —3 12. 

31/7 4 — 1. 

21/6 3 9. 
39/19 14 10. 


24/7 (16) 
27/10 (18) 


FA—femoral artery; PA—pulmonary artery; RV—right ventricle; RA—right atrium; Vein—axillary. 


intermediate degree, 10 to 15 pounds, the 
hemodynamic alterations were intermediate 
in varying degrees between those observed in 
subjects with marked and minimal fluid ac- 
cumulation. 

Digitalis. In congestive heart failure, Digoxin 


administered intravenously in single thera- 
peutic doses induces characteristically prompt 
falls in right heart and peripheral venous pres- 
sures and a concomitant increase in cardiac 
output.'® These events have their onset ap- 
proximately 15 minutes after administration of 
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the glycoside and their peak effect one to two 
hours later. When subject W. C. had gained 19 
pounds of fluid as a result of corticotropin medi- 
cation and was experiencing some dyspnea on 
exertion and orthopnea at night, she was given 


40 
RT. VENT, 
PRESS. 2 


MNM.H 


RA.PRESS,*5 


(MMHG) 


F.A.PRESS. 


BL. VOL. 
(LITERS) 


WT.GAIN 30 
(LBS) 15 


ACTH 
(UNITS) 


Fic. 1. Absence of significant hemodynamic altera- 
tions when corticotropin failed to induce fluid reten- 
tion. 

Details of plotting from top down: right ventricular 
pressure, top of column systolic pressure, bottom of 
column diastolic pressure; right atrial pressure, 
maximum deviation of column from zero; femoral 
artery pressure, top of column systolic pressure, bot- 
tom of column diastolic pressure, cross bar mean 
pressure; cardiac output, top of column; blood volume, 
total blood volume top of column, plasma volume 
open column, red cell volume solid column; weight 
gain, total gain in pounds above control weight. 


Fic. 2. Patient W. C. Note increase in heart size 
and development of pulmonary congestion associated 
with a fluid gain of 19 pounds during administration 
of corticotropin. 


RT. VENT. 
Press, 2° 


(—— 0 
RA.PRESS 
(me 


SYSTRES. 
(MM, HG./L/ MIN) 


FA. PRESS. 
(We) 
6 


C.0. 


(L/MIN) 


(LITERS) 


30 
WT. GAIN 
(LBs) 


(DAYS) 


Fia. 3. Hemodynamic alterations associated with a 
fluid gain of 16 lb induced by administration of cor- 
ticotropin. For details of plotting see legend of figure 1. 

Because the hematocrit fell during administration 
of corticotropin, the third set of determinations was 
made after the diuresis which followed discontinua- 
tion of the drug. This set of determinations consti- 
tutes the preferred control for the changes induced 
by the corticotropin. 


0.8 mg. of Digoxin intravenously without effect 
upon the elevated venous pressure of 170 to 
180 mm. saline. Starting three hours later, 1.0 
Gm. of digitalis leaf was given orally in 24 
hours without reduction in the still elevated 
venous pressure and without initiation of diure- 
sis or relief of symptoms, events which would 
have been expected in a patient with congestive 
heart failure. Only after corticotropin was 
discontinued did a diuresis with a concomitant 
fall in venous pressure and relief of symptoms 
ensue. 
DIscussIoN 

The observations presented suggest three 
points for discussion: (1) the disparity in fluid 
accumulation by different subjects, (2) the 
increase in pressure in the right heart and 


systemic arteries when fluid accumulation 
occurred and (3) the circulatory dynamics in 
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RT. VENT. 
PRESS. 


(MM.HG) 


14 
R.A. PRESS, 
(MMHG) 


150 
FA.PRESS. 


(MMHG) 
C0, 
(L/MIN) 


BL. VOL. 
(LITERS) 


WT. GAIN 
(LBS) 15 


Oo 
CORTISONE 990 
(MG) 


Fig. 4. Hemodynamic alterations associated with 
a fluid gain of 23 pounds induced by administration of 
cortisone. For details of plotting see legend of figure 1. 


the three subjects with marked fluid accumu- 
lation and symptoms simulating mild conges- 
tive heart failure. 

No explanation is apparent for the disparity 
in fluid gains by the different subjects. The 
degree of fluid retention appeared not to be 
related to the primary illness of the subjects, 
their state of convalescence, or whether 
corticotropin or cortisone was given. Although 
observations were not made in completely 
normal subjects, it seems unlikely that the 
subjects who retained large amounts of fluid 
had “hidden” or potential heart disease. In no 
subject, except the two known cardiac patients, 
was there evidence of heart disease. Further- 
more, the failure of the two undigitalized 
cardiac patients, recently recovered from con- 
gestive heart failure, to retain more than mini- 
mal amounts of fluid suggests that some form 
of heart disease is not essential for the fluid 
retention. Apparently, homeostatic mecha- 
nisms promoting salt and water excretion are so 
potent that few subjects receiving these salt 
and water retaining drugs, in the doses used, 
retain sufficient fluid to become so edematous 


that congestive changes simulating congestive 
heart failure develop. 

The most consistent hemodynamic change 
induced by both corticotropin and cortisone 
was the increase in pressure in all parts of the 
vascular tree. A first consideration would sug- 
gest that the pressure elevations resulted from 
an increase in blood volume with subsequent 
overdistension of the venous reservoir and 
right heart. However, the failure of correlation 
between increases in vascular pressures and 
changes in “blood volume” (table 5) suggests 
that “blood volume” is not the sole determinant 
of changes in pressure and that an additional 
factor is probably operating. A possible and 
attractive explanation would be that cortico- 
tropin and cortisone increased the vascular 
tone of the entire vascular system from arteries 
to veins and right heart. Such an increase in 
tonus could produce two effects: (1) raise the 
pressure in all parts of the vascular system and 
(2) redistribute the blood from the higher 
toned arterial and arteriolar side to the lesser 
toned, and more distensible venous side. These 


TaBLE 5.—Correlation of Changes in Vascular 
Pressures with Changes in Fluid Gain and ‘Blood 
Volume’? During Administration of ACTH and 
Cortisone 

The data for the two drugs have been combined 


|Number| Correla- | 
of Sub-| tion Co- 

| jects | efficient 

| r 


Functions Correlated* 


A RA, and A Wt. | 18 | 0.71 | 2.92 | 0.01 
A RA,» and A B.V. | 14 | 0.26 | 0.92 | 0.38 





ARVa anda Wt. | | 0.78 | 2.96 | 0.01 
A RVq and A B.V. | 0.45 | 1.62 | 0.14 





) | 0.02 
47 | 0.2 


ARV, anda Wt. | | 0.69 | 2.6¢ 
A RV, and A B.V. 0.41 | 1, 





0.35 | 1.46 | 0.15 
| —0.41 | 1.46 | 0.2 


A FAn and A Wt. 
A FAn and A B.V. 





* The analysis is for the changes between control 
values and values at peak of drug administration for 
the several functions: Wt. = weight; B.V. = ‘‘blood 
volume’’; RA» = mean right atrial pressure; RVa = 
right ventricular end diastolic pressure; RV, = right 
ventricular systolic pressure; FAmn = mean femoral 
artery pressure. 
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changes could then account, in part and per- 
haps in full, for the observed increases in 
arterial, venous and residual right heart 
pressures. 

No explanation is offered for the mechanism 
by which cortisone or corticotropin might 
increase vascular tone. The first observations 
were made with corticotropin and the possi- 
bility was entertained that contaminating 
Pitressin may have been responsible for the 
observed pressor effects. When cortisone 
produced similar increments in pressure it 
seemed unlikely that a contaminating known 
vasopressor agent was responsible for the 
increases in pressures. Since the rises in residual 
pressures in the right heart seemed to correlate 
better with the degree of fluid gain than with 
the increase in “blood volume’”’ (table 5), the 
possibility should be considered that salt itself 
may have been the pressor agent. Neither 
cortisone nor corticotropin in themselves 
appear to possess vasopressor activity, for 
equally large doses, when they failed to induce 
fluid retention, failed also to produce rises in 
vascular pressures. 

Since it was the purpose of this study to 
determine whether induced fluid retention in 
noncardiac subjects was associated with hemo- 
dynamic changes similar to, or different from, 
the hemodynamic alterations of spontaneously 
developing congestive heart failure, the changes 
in cardiovascular dynamics in the subjects with 
marked fluid retention deserve particular 
attention. In three respects the changes noted 
in these subjects were similar to the manifesta- 
tions of naturally occurring congestive heart 
failure: (1) there developed the symptoms of 
edema, exertional dyspnea and orthopnea, (2) 
the “‘blood volume” was increased and (3) the 
residual pressures (atrial and ventricular end 
diastolic) in the right heart were elevated. The 
increase in right ventricular end diastolic 
pressure assumes particular significance since 
elevation of this pressure has been considered 
to be the criterion of congestive heart failure.'® 
However, each of the above three manifesta- 
tions may be considered to be nonspecific, or 
secondary in origin, in that they are the re- 
sultants of some other more primary physio- 
logic change or changes. Therefore, the presence 


of these manifestations in two states does no 
necessarily indicate that both states are sim 
ilarly derived. 

The hemodynamic alterations associate: 
with induced fluid retention differed markedl: 
from the hemodynamic changes in congestiv: 
heart failure in several important, primary 
cardiodynamic functions. Thus, in both thx 
corticotropin- and cortisone-induced conges 
tion, cardiac output remained normal an 
arterial-mixed venous oxygen extraction, re 
lating as it does blood supply (cardiac output 
to the demand for it (oxygen consumption) 
also remained normal. In congestive heari 
failure the changes in these functions are dia- 
metrically different: cardiac output is reduced 
and arteriovenous oxygen difference is abnor- 
mally high. Furthermore, the failure of intra- 
venously administered Digoxin to lower the 
elevated venous pressure in one patient with 
corticotropin-induced vascular congestion also 
suggests an essential difference between this 
type of vascular congestion and congestive 
heart failure, where similarly administered 
Digoxin promptly reduces venous and intra- 
cardiac pressures.'® In view of these primary 
and more specific differences, it is difficult to 
consider that the vascular congestion associ- 
ated with hormonally-induced fluid retention 
is the same entity as congestive heart failure. 
Both types of congested states have similar 
nonspecific manifestations but different spe- 
cific cardiodynamic functions. 

These observations suggest that the clinical 
manifestations and some of the hemodynamic 
alterations (elevation in right heart and venous 
pressures) traditionally considered character- 
istic of congestive heart failure may occur under 
circumstances in which cardiac output remains 
normal and the heart does not fail as a pump. 
Such noncardiac circulatory congestion simu- 
lating congestive heart failure was here pro- 
duced in three subjects by inducing fluid 
retention with corticotropin and cortisone. The 
question has been raised whether the circula- 
tory congestion present in several diseases and 
generally considered to be congestive heart 
failure may, in fact, represent other instances 
of noncardiac circulatory congestion simulat- 
ing congestive heart failure.’ In this category 





sul 
va 
sel 
fal 


col 


eff 


lir 
rif 
TI 
m 
at 
ca 
er 


of 
ve 
fe 
ti 
cl 
he 


&e 


tl 





ALBERT, SMITH AND EICHNA 1055 


| ave been placed the circulatory congestions 
hich occur in severe, ‘‘pinch-cock’’, mitral 
enosis, acute diffuse glomerulonephritis,® 
nuria with excess fluid intake,’ beri-beri,'* 
rteriovenous fistula'® and severe anemia.'” 
n all of these instances the essential difference 
rom congestive heart failure, as it typically 
curs in a patient with heart disease, is the 
iemodynamic competence of the myocardium 
o maintain an adequate cardiac output. Such 
. differentiation based on primary physiologic 
iemodynamic functions appears warranted 
ind seems more tenable than the traditional 
‘iew which assumes that all vascular congested 
states are the result of myocardial insufficiency, 
simply because these congested states have 
clinical manifestations similar to congestive 
heart failure. 


SUMMARY 


The purpose of this study was to determine 
whether fluid retention, induced in noncardiac 
subjects by means of salt and water retaining 
substances, produces alterations in cardio- 
vascular dynamics similar to the changes ob- 
served in naturally occurring congestive heart 
failure. 

In 20 noncardiac subjects, corticotropin 
(ACTH) was administered to 12 patients and 
cortisone to eight patients. Essentially similar 
effects were produced by the two drugs. 

When fluid retention was absent or less than 
5 pounds, hemodynamic changes were absent or 
limited to slight increases in right ventricular, 
right atrial and systemic arterial pressures. 
These pressure changes were somewhat more 
marked when fluid retention was more moder- 
ate, 6 to 15 pounds. In neither group did 
cardiac output or arteriovenous oxygen differ- 
ence change. 

Three subjects gained 16, 19 and 23 pounds 
of fluid, respectively, became edematous, de- 
veloped slight cardiac enlargement and mani- 
fested in a mild form the symptoms of conges- 
tive heart failure. The associated hemodynamic 
changes of elevation of pressures in the right 
heart and systemic arteries and increases in 
“blood volume” were similar to the changes in 
these functions in congestive heart failure; 


’ 


however, unlike congestive heart failure 
’ > 


cardiac output and arteriovenous oxygen differ- 
ence remained normal. 

Two cardiac subjects, recently ‘compen- 
sated” from congestive heart failure by 
mercurial diuretics and rest, failed to gain 
fluid when given corticotropin. 

In discussion, the hypothesis is explored 
that the circulatory congestion associated with 
marked fluid retention in noncardiac subjects 
represents not congestive heart failure, but a 
type of noncardiac circulatory congestion which 
simulates congestive heart failure. The dis- 
tinction between the two states is here based 
on hemodynamic differences in contrast to the 
traditional view which assumes, on the basis of 
similarity of clinical manifestations, that all 
vascular congested states are congestive heart 
failure. 
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SUMMARIO IN INTERLINGUA 


Le objectivo del presente studio esseva de- 
terminar si retention de fluido, inducite in 
individuos non-cardiac per medio de subs- 
tantias retenitori de sal e aqua, produce altera- 
tiones del dynamica cardiovascular simile al 
alterationes observate in occurrentias natural 
de congestive disfallimento cardiac. 

In un serie de 20 individuos non-cardiac, 
corticotropina (ACTH) esseva administrate a 
12 patientes e cortisona a 8 patientes. Le ef- 
fectos producite per le duo drogas esseva 
essentialmente simile. 

Quando le retention de fluido esseva absente 
o infra 2,25 kg, le alterationes hemodynamic 
esseva absente o restringite a leve augmentos 
del pressiones dextero-ventricular, dextero- 
atrial, e arterio-systemic. Iste alterationes del 
pression esseva alique plus pronunciate quando 
le retention de fluido esseva inter 2,7 e 6,75 kg. 
Ni le un ni le altere del gruppos monstrava un 
alteration del ejection cardiac o del differentia 
atrio-ventricular de oxygeno. 

Tres individuos ganiava respectivemente 
7,2, 8,55, e 10,35 kg de fluido. Illes deveniva 
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edematose e disveloppava un leve allargamento 
cardiac. Illes manifestava in un forma innocue 
le symptomas de congestive disfallimento 
cardiac. In lor casos le associate alterationes 
hemodynamic—augmento de pression in le 
corde dextere e le arterias systemic e augmento 
del ‘“‘volumine de sanguine’’—esseva simile al 
alterationes hemodynamic in congestive dis- 
fallimento cardiac. Del altere latere, le ejection 
cardiac e le differentia atrio-ventricular de 
oxygeno remaneva normal, in contrasto con lo 
que se observa in congestive disfallimento 
cardiac. 

Duo individuos cardiac, recentemente ‘‘com- 
pensate” ab congestive disfallimento cardiac 
per diureticos mercurial e reposo, non ganiava 
fluido post administrationes de corticotropina. 

Nos discute le hypothese que le congestion 
circulatori associate con marcate retention de 
fluido in individuos non-cardiac representa non 
un forma de congestive disfallimento cardiac 
sed un typo de congestion circulatori non- 
cardiac que simula congestive disfallimento 
cardiac. Nostre distinction del duo statos es 
basate super differentias hemodynamic, in 
contrasto con le conception traditional que 
conclude super le base de simile manifesta- 
tiones clinic que omne statos de congestion 
vascular es congestive disfallimento cardiac. 
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Sodium, Potassium and Magnesium Balance 
During Recovery from Congestive Heart 
Failure due to Cor Pulmonale and 
Other Heart Diseases 


By Ivan J. Maver, M.D., Yosutkazu Morrra, M.D. anp Luoyp T. Isert, M.D. 


Five cases of congestive failure due to varied causes were studied metabolically during recovery. 
The cases of cor pulmonale showed changes in cations and osmotically active base, similar to 
changes in heart failure due to other causes. A difference in the movement of water was noted be- 
tween three of the present cases and the usual case of congestive heart failure. 


LTHOUGH excessive secretion of the 
salt-retaining corticoid, aldosterone, 
appears to be responsible for the 

ultimate retention of sodium in congestive 
heart failure,': 2 * the exact mechanism whereby 
the adrenal cortex is stimulated to secrete this 
steroid is not known. It is entirely conceivable 
that following cardiac and circulatory failure, 
an altered physicochemical balance of certain 
vital cells may initiate the train of events lead- 
ing to excessive aldosterone secretion and hence 
to sodium retention. 

Disturbances in cellular metabolism of fluid 
and electrolytes in congestive cardiac failure 
have been demonstrated previously by indirect 
balance methods*: *:& 7.89 and by direct 
tissue analysis.’°: '» ?- 13 These studies have 
shown consistent cellular depletion of potas- 
sium and frequent cellular depletion of sodium. 
In most instances the cells also appeared to 
be overhydrated with water.‘:7:*» 1! These 
changes were described in high-output failure 
(beri-beri),® as well as in the usual low-output 
failures. 

In order to determine the disturbances of 
cellular metabolism in various types of heart 
failure, a case of cor pulmonale and a case of 
cor pulmonale with hypertensive heart disease 
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were studied metabolically during recovery 
and the results were compared with those 
obtained in three other cases of etiologically 
more common cardiac disorders. A gain in 
cellular potassium and sodium and inactivation 
of cellular base were demonstrated in these 
studies. 


METHODS 


Precise metabolic balance studies for sodium, 
potassium, chloride, magnesium, nitrogen and water 
were conducted for a total period of nine days in 
three cases (J. B., cor pulmonale; J. H., cor pul- 
monale and hypertensive heart disease; and S. L., 
rheumatic and hypertensive heart disease) during 
regression of their edema. Two other patients (A. 
M. and J. N.) were studied in a similar manner for 
all of the above components except chloride. Intake 
of food was limited to a special 50-mg sodium diet, 
previously described.‘ The exact composition of this 
diet was determined by direct analysis of the in- 
dividual components in the final preparation. Each 
lot of Lonalac powder used in the preparation of the 
diet was analyzed.* An identical tray of food was 
analyzed during the last four days of study in case 
5 (J. N.). Urine was collected and analyzed daily. 
Stools were pooled for two or three days and the 
studies were divided into periods of two or three 
days each. The amount of water drunk by the pa- 
tients was measured to account for the magnesium 
present in tap water (0.6 mEq. per liter). Venous 
blood samples were obtained at the beginning of 
each metabolic period and at the end of the study. 


* The composition of Lonalac used in this study 
varied somewhat from that used in the previous study 
because of slight changes in the preparation of this 
product. 
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Analyses for sodium and potassium were done by 
flame photometry.’ Chloride was determined titri- 
metrically.!* Nitrogen was analyzed by the macro- 
Kjeldahl method and magnesium was determined 
by spectrographic!® and colorimetric methods.” 

Calculations were made for intracellular and 
extracellular partition of water and electrolytes, 
according to methods described by Darrow and 
Elkinton.” The final extracellular volume was taken 
at 16 per cent of the final weight and the changes in 
extracellular volume were calculated backward to 
the beginning of each period, utilizing the plasma 
chloride level and chloride balance. The nonchloride 
space was considered to represent intracellular 
space, including bone tissue, but excluding col- 
lagenous connective tissue.2° The osmolar activation 
of cellular base was calculated from the total balance 
of osmotically active bases corrected for the external 
balance of the bases.’ The total osmotically active 
base at the end of the study was calculated as being 
equal to the product of the total body water, as- 
sumed to be 66 per cent of the final body weight, 
and the total osmotically active base concentration, 
determined to be equal to the sum of concentra- 
tions of plasma sodium, potassium and magnesium 
plus 2.5 mM. per liter for calcium. Since the nitrogen 
balances were near equilibrium, corrections for 
water, potassium and magnesium balances due to 
changes in protein metabolism were not made. 

Cardiac, pulmonary, and renal hemodynamic 
studies in the patient with cor pulmonale were de- 
termined by cardiac catheterization technic.* Renal 
clearances of inulin and sodium paraaminohippurate 
were performed in the usual manner with a catheter 
in the right renal vein for determination of true 
renal plasma flow. 


CasE REPORTS 


Case 1, J. B. (29106). This 51-year-old white 
man was admitted because of severe peripheral 
edema and moderate dyspnea, recurrent for two 
years. These manifestations were progressive and 
refractory to treatment for the past four weeks. 
There was a history of chronic cough, productive 
of a large amount of sputum, for 20 years prior to 
admission. Examination showed a patient with 
marked peripheral edema and moderate dyspnea. 
The mucous membranes were cyanotic and the 
neck veins were distended. The chest cage was ex- 
panded and hyperresonant to percussion. Coarse 
rales were audible throughout both lung fields. 
Examination of the heart showed right ventricular 
hypertrophy. The liver was moderately enlarged, 
but there was no ascites. X-ray films of the lungs 
showed marked pulmonary fibrosis and probable 
chronic bronchiectasis. The electrocardiogram was 


* Cardiac catheterization studies were made with 
the aid of Dr. Harper K. Hellems and his staff. 


TABLE 1.—Cardio-Pulmonary and Renal Hemo 
dynamic Changes during Recovery from Congestir: 
Heart Failure due to Cor Pulmonale 





3-2-S4 4-12-54 





Cardiac index L./min./M.?....... 72 | 5.10 
Oz consumption ml./min 235. | 278. 
Arterial O2 content vol. % ; 15.4 
Arterial O2 saturation % 7 |) 678.5 
Pulm. capill. press. mm. Hg ; ft ae 
Pulm. art. (mean) press. mm. Hg.| 
Rt. vent. end. diastolic press. 


Renal vein pressure mm. Hg 
Brachial art. pressure mm. Hg... 
Glom. filtration rate ml./min./ | 
SPUN es eee ier c Saceke eats 
True renal plasma flow ml./min./ | 
MIB PE? og oe és’ 
True renal blood flow ml./min./ | 
664.0 1097.0 
TmPAH mg./min./1.73 M.?......| 34.4 59.9 
Extraction of PAH % 89.3 88.0 





diagnostic of right ventricular hypertrophy. The 
venous pressure was 192 mm. of saline and the arm- 
to-tongue circulation time, using Decholin, was 26 
seconds. The blood hemoglobin was 16.7 Gm. per 
100 cc. and the white blood cell count was 9,000 per 
cubic millimeter. The urinalysis was negative and the 
blood urea nitrogen was 22 mg. per 100 cc. The 
plasma carbon dioxide content was 80 volumes per 
cent. The circulating plasma volume, using T-1824 
dye, was 3,602 ml. and the blood volume was 6,880 
ml. Cardiac and renal-vein catheterization was 
performed before and after evacuation of edema 
fluid (table 1). The findings established the di- 
agnosis of congestive heart failure, due to chronic 
cor pulmonale. Metabolic studies were conducted 
for a period of nine days with three periods of three 
days each (tables 2 and 3). During the study the 
patient lost 7.2 Kg. of weight; there was no further 
loss after the study. 


Case 2, J. H. (69228). This 67-year-old white man 
developed progressive shortness of breath, paroxys- 
mal nocturnal dyspnea and peripheral edema ap- 
proximately four months prior to admission. He was 
told that he had hypertension one year previously. 
Patient complained of a mildly productive cough 
of one year’s duration. Examination revealed an 
undernourished patient with orthopnea, dyspnea and 
moderate peripheral edema. The temperature was 
98 F., pulse 70 per minute, respirations 22 per min- 
ute, and blood pressure 162/90. The fundi showed 
changes compatible with mild hypertension. The 
neck veins were considerably distended. The chest 
was markedly emphysematous and coarse rhonchi 
were heard throughout. There were both right and 
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left ventricular hypertrophy, rapid auricular fibril- 
lation, and a harsh systolic apical murmur. The 
liver was enlarged 5 cm. below the right costal 
margin, but was not tender. Clubbing of the finger 
tips was present, but cyanosis was not noted. Uri- 
nalysis showed 1 plus albuminuria and occasional 
white blood cells in the sediment. The plasma 
carbon dioxide content was 55 volumes per cent, 
blood urea nitrogen 28 mg. per 100 cc., serum al- 
bumin 3.4 Gm., and globulin 2.5 Gm. per 100 cc. 
Blood hemoglobin was 16.1 Gm. per 100 cc., and the 
hematocrit 58.55 per cent. Circulating plasma 
volume was 3,353 ml., and blood volume 7,310 ml. 
Pneumococci (group E) were recovered from the 
sputum. Roentgenogram and fluoroscopic examina- 
tion of the chest showed both right and left ven- 
tricular enlargement, pulmonary congestion, and 
chronic pulmonary emphysema. The electrocardio- 
gram showed auricular fibrillation and left ventric- 
ular hypertrophy. The venous pressure was 195 
mm. saline and the circulation time 90 seconds. It 
was felt that the patient had cardiac decompensa- 
tion from chronic cor pulmonale and hypertensive 
heart disease. The patient was digitalized and started 
on metabolic studies, using a synthetic 50 mg. 
sodium diet. There was a 3.5 Kg. weight loss and 
moderate improvement of dyspnea and edema. After 
completion of the studies, there was an additional 
weight loss of 8.0 Kg. 


Case 3, S. L. (12116). This 36-year-old white 
woman was admitted with severe congestive heart 
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Urine Stool 


Na K | Mg; Cl N | Wt. 
mEq. | mEq. |mEq.| mEq. | Gm | Gm. 
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418 .0)176.0)12.7/547 8.27.4 508/21. 9 
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55.6{162.3110.4|207.6.29.1 235| 3.5 
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failure for the third time in one year. Shortness of 
breath, followed by peripheral edema, was first 
noted three years earlier, at which time she was 
discovered to have hypertension and rheumatic 
heart disease. The examination revealed an orthop- 
neic dyspneic patient with moderately severe 
peripheral edema. The heart was enlarged both to the 
right and left and revealed the characteristic mur- 
murs of mitral insufficiency and stenosis. There was 
also a murmur of tricuspid insufficiency with a pulsa- 
tile liver. Rales were audible at both lung bases. The 
blood pressure was 234/140. The venous pressure 
was 256 mm. saline and the arm-to-tongue circula- 
tion time 53 seconds. The patient was placed on the 
synthetic low sodium (50 mg.) diet for nine days 
and Mercuhydrin was given on the second, fifth and 
eighth days. The patient lost 3.8 Kg. during the 
study and 4.9 Kg. more after the study. 


Case 4, A. M. (68415). A 59-year-old white man 
was admitted because of peripheral edema and 
dyspnea on exertion, gradually progressive for the 
previous two months. Examination showed tempera- 
ture 98.6 F., pulse 92 per minute, respirations 24 
per minute, and blood pressure 148/118. The fundi 
showed grade II hypertensive changes. The discs 
showed secondary optic atrophy. Neck veins were 
distended. Marked enlargement of the heart was 
noted and a harsh grade II systolic murmur was 
heard over the mitral area. Bilateral basal rales were 
present and the liver was enlarged 5 cm. below the 
costal margir The extremities showed marked 
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TABLE 3.—Derived Data 


Water Bal. Kg. Sodium Bal. mEq. 
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Wt. 
Kg. 
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riod Inc. ie 
Ex- Intra 
cell. 


Extra- 
cell. 
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a Total 


+0.9 
+0.9 
+1.§ 
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1 1-3 

2 4-6 

3 7-9 
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3. 1 
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—493.5)/+142. 
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+1.% 


3 { 54.3 . y f 3) —88.6 
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edema. The venous pressure was 207 mm. saline 
and the circulation time 64 seconds. Circulating 
plasma volume was 4,471 ml. and blood volume 
8,003 ml. The blood urea nitrogen was 32 mg. per 
100 cc., serum albumin 3.1 and globulin 2.4 Gm. 
per 100 cc., plasma carbon dioxide content 53 vol. 
per cent, and fasting blood sugar 72 mg. per 100 cc. 
The blood hemoglobin was 13.3 Gm. per 100 ce. 
The electrocardiogram showed left ventricular 
hypertrophy. A diagnosis of hypertensive heart 
disease with congestive heart failure was made and 
the patient was studied for nine days, during which 
time there was a weight loss of 16.9 Kg. No further 
loss occurred after the study. The venous pressure 
at the end of the study was 61 mm. saline and the 
circulation time 25 seconds. 


Case 5, J. N. (24063). This 62-year-old white man 
was admitted because of paroxysmal nocturnal 
dyspnea and peripheral edema. These symptoms 
were first noted one year previously, but did not 
recur until one week before admission. The patient 
had also noted intermittent claudication for the 
past year. Examination showed an _ orthopneic 
edematous patient with a blood pressure of 190/95, 
temperature 98 F., pulse 85 per minute and respira- 
tions 20 per minute. Fine rales were present in both 
lungs. The heart was enlarged to the anterior axil- 
lary line and a to-and-fro murmur was heard in the 
aortic area. Pulsations of the dorsalis pedis artery 
were weak. The roentgenogram of the heart showed 
an enlarged left ventricle and an aneurysmal dilata- 


—12.7 


—814.3/+213.¢ 


9\+388.5 


3 
0 


4)+849.! 


9| +86.8 
3; +64.¢ 
—112.0) +20. 
1|+123. 


1 
5 


‘ 


Plasma Electro- 


Magnesium 
S lytes mEq./L. 


Potassium Bal. mEq. mEq. 


A 
Osm. 
Active 


Ex- Base 


| tra- 
cell. 


Intra- 


| Intra- 
cell. | 


Ex- 
Total | tra- 2 
cell. 


cell. 


Na | K | Mg! Cl 


55/1. 
-93 1. 
24/1. 


97/1. 


+14.0/—21.5) +35. 
+16.3'—11.8) +28. 
+44.3/—12.5) +56.8 
+74.6|—45.8)/+120. 


+8. 
+16. 
+15. 
+41. 


4/—246. 
9| —167. 
7\—324. 
0 —738. 


7) 144.2 
1/146 
3/142 
1/133 


95.: 

102. 

87. 
i} 92 


+63. 
+4. 
+55. 


+73.6 +23.0| —87.8)144. 
+7.7|—150.1)141. 
+5.5, +36.0,140. 


+36.2,/—201.9/140. 


-38 107. 
-45 103.7 
-50/102.5 
-40/102.5 


4\—10.2 
5|—16.7) +21.2 
1\+10.6| +44. 
0)/—16.3\+139.: 


sn tw we 


—6.5|—22.0, +15. 


5 0144. 
+51.2 -7| +56.9 

8 

5 


8/142. 
7/140. 
1141. 


+9.9)| —45. 
—75.1|—230. 
—36.6'+129. 
3/—101.8) —146. 


-27/113.0 
-25 104.6 
-02 103. 

-31/102.4 


+28.8) —0.4) +29.2 
+73.5)--28.1/+101.6 


+31. 
—28. ; f ls 
+38. 
+41. 
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150. 
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tion of the ascending aorta with calcific deposition 
in this segment. The blood serology was positive 
for syphilis, blood urea nitrogen 19 mg. per 100 cc., 
and serum albumin 3.8 and globulin 1.8 Gm. per 
100 ce. Diagnoses of hypertensive and syphilitic 
heart disease with congestive heart failure and ather- 
osclerosis obliterans were made and the patient was 
studied metabolically for eight days for sodium, 
potassium and magnesium balances. There was a 
total weight loss of 2.6 Kg. during the study. 


RESULTS OF THE METABOLIC STUDIES 


The results of the metabolic studies carried 
out during recovery from congestive failure in 
the proven case of cor pulmonale and in the 
other four cases are presented in table 2. The 
derived values for intracellular and extra- 
cellular changes in the first three cases are 
presented in table 3. 


Changes in Sodium Metaoblism 


As would be expected, sodium was eliminated 
in considerable quantities. The total external 
balance in the case of cor pulmonale (case 1) 
amounted to —818.6 mEq. during the nine-day 
period of study, with most of the sodium being 
eliminated during the first six days. A total of 
— 643.1, —600.4, —1,781.9 and —466.9 mEq. 
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of sodium was lost externally by cases 2, 3, 4 

wud 5, respectively. Calculations possible only 
| 1 the first three cases showed that the amount 
of sodium lost externally was less than the 
alculated loss of sodium from the extracellular 
ompartment. A significant quantity of sodium 
hus entered a nonchloride space (presumably 
he cell) during the period of recovery, 849.8 
aKq. in case 1, 172.1 mEq. in case 2, and 213.9 
akq. in case 3. 


‘hanges in Potassium and Magnesium Metabo- 
lism 


A slight, but distinctly positive, balance of 
potassium, +74.6, +123.0, +73.5, +41.9, 
ind +153.6 mEq., was observed in cases 1 to 
5, respectively. Since there was some loss of 
potassium from the shrinking extracellular 
space, the total positive intracellular balance in 
those cases in which calculation was possible 
was slightly greater than the observed external 
balance. Case 1, with cor pulmonale, showed a 
positive intracellular potassium balance of 
+120.4 mEq.; case 2, +139.3 mEq. and case 
3, +101.6 mEq. 

A positive balance of magnesium was ob- 
served in cases 1, 2 and 5, but a negative 
balance was seen in cases 3 and 4. 


Changes in Water Metabolism 


Total loss of water, as judged by loss of 
weight during the eight- to nine-day period, 
varied from 2.6 to 7.2 Kg. Calculations in the 
first three cases indicated a loss of extracellular 
water amounting to —10.9, —5.2 and —5.3 
L., and a slight gain of intracellular water of 
+3.7, +1.7 and +1.5 L. in cases 1, 2 and 3, 
respectively. 


Osmotic Activation of Intracellular Base 


The net change of total osmotically active 
base, corrected for external balances of sodium, 
potassium and magnesium, will determine the 
net changes in osmotically active intracellular 
base, since electrolytes in the extracellular 
fluid are, for practical purposes, osmotically 
completely active. A net change with a negative 
value will imply inactivation of the cellular 
base and a positive value will indicate activa- 
tion of the cellular base elements. 


In all five cases a distinctly negative value of 
osmotic activity was obtained, —738.1, —201.9 
—146.1, —836.6 and —67.5 mM, respec- 
tively. 

Discussion 

The diagnosis of chronic cor pulmonale in 
congestive heart failure in case 1 was made 
clinically from the history and physical signs, 
and was established by cardiac catheterization, 
with the findings of a normal pulmonary 
“capillary” pressure, an elevated pulmonary 
artery, right ventricular end-diastolic, right 
auricular and renal vein pressures, a relatively 
normal cardiac index, and an oxygeti-de- 
saturated arterial blood. Following diuresis 
and weight loss of 7.2 Kg., evidence of right 
ventricular failure disappeared, but the pul- 
monary artery pressure remained elevated. 
The cardiac index rose to a supernormal level, 
compatible with the diagnosis of chronic 
pulmonary disease with cor pulmonale. The 
total oxygen consumption of 235.2 ml. per 
minute, the absence of a purulent sputum, and 
the absence of fever or leukocytosis ruled out 
the possibility of a superimposed acute infec- 
tion complicating the picture of cor pulmonale. 
It is interesting to note that renal hemodynamic 
studies showed a glomerular filtration rate 
within the normal range at the height of con- 
gestive heart failure and an almost identical 
filtration rate after recovery from failure. 
Observations, such as this, indicate that tubu- 
lar activity is more important in the patho- 
genesis of sodium and water retention than 
changes in glomerular filtration rate. 

Metabolic studies carried out on this patient 
revealed, in addition to extracellular evacuation 
of sodium and water, a cellular uptake of all 
three electrolytes, sodium, potassium and 
magnesium (1,007 mEq. or 988.5 mM total), 
far in excess proportionately to the gain in 
cellular water (3.7 L.). The fluid entering the 
cells was thus hypertonic and composed of 
cations in a concentration of 262 mM. per liter, 
with the sodium ion comprising the major 
share (230 mM. per liter). Comparison of 
cases 2 and 3 with case 1 revealed a qualitative 
similarity in regard to the fluid entering the 
cell during recovery, but the concentration of 
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vations was not as high (195 mM. per liter in 
vase 2 and 174 mM. per liter in case 3) and the 
concentration of sodium was decidedly lower 
(101 mM. per liter in case 2 and 142 mM. per 
liter in case 3). The greater propensity for gain 
in cellular sodium found in case 1 could have 
been due partly to the nature of the under- 
lying disease responsible for congestive failure, 
since it has been shown recently that acidosis 
of respiratory origin is buffered to a significant 
degree by the emergence of base from the 
intracellular compartments.”':* If such a 
mechanism had been operating in case 1 
during development of congestive failure, it 
would be relatively simple to explain the 
greater uptake of sodium by the cells, coinci- 
dent to improvement in the cardiopulmonary 
function. 

Apparently emergence of magnesium from 
the cells during recovery from congestive 
failure was not responsible for migration of 
sodium and potassium into the cells, since in 
three of the patients a positive magnesium 
balance was observed. In two patients a 
negative balance was found. In case 3, the 
negative balance was caused primarily by loss 
of magnesium in the stools, as well as by peri- 
odic loss of magnesium in the urine, following 
Mercuhydrin injections. Whether or not 
Mercuhydrin contributed toward excess fecal 
loss could not be determined from the data on 
hand. The external loss of magnesium in this 
patient was accompanied by a fall in the serum 
magnesium to subnormal levels, a phenomenon 
frequently observed during rapid mercurial 
diuresis.” ** A negative balance of magnesium 
observed in case 4 was apparently not due to 
Mercuhydrin, since the patient had received no 
diuretic agents. Urinary loss of magnesium, 
however, was quite considerable. In this partic- 
ular case, the negative balance of magnesium 
could have reflected the elimination of magne- 
sium retained by renal decompensation prior to 
the onset of study. The volume of urine or the 
total weight of the stools appeared to have no 
definite influence on the loss or gain of magne- 
sium during recovery from cardiac failure. If 
these two cases (cases 3 and 4) with a negative 
magnesium balance are regarded as exceptions 


to the rule because of interfering factors, it cai 
be concluded that a positive magnesiun 
balance occurs during recovery from conges 
tive heart failure. 

Movements of water and cations in all thre« 
cases were such that the intracellular osmo 
larity tended to increase during recovery fron 
congestive failure. Since osmotic equilibriun 
between the cells and the extracellular fluid 
‘an be assumed to be maintained at all times 
any tendency toward a rise in intracellula 
osmolarity would necessitate either a rise in 
osmolarity of the intracellular fluid, migration 
of water into the cells, or an osmotic inactiva- 
tion of the free base residing within or entering 
the cells. Since the osmolarity of the extra- 
cellular fluid tends to fall during recovery from 
congestive failure,?® the first two possibilities 
appear unlikely. Measurements made accord- 
ing to the method of Elkinton’ consistently 
showed inactivation of intracellular base in all 
five cases during recovery from failure. The 
relative magnitude of this change with respect 
to total weight loss was the greatest in case 1, 
suggesting again the possibility of some effect 
conditioned by decompensated _ respiratory 
acidosis. 

The question of whether migration of sodium 
and potassium into the cells (possibly in ex- 
change for hydrogen ions) had caused inactiva- 
tion of cellular base, or whether the inactiva- 
tion of cellular base had occurred first and had 
caused transfer of sodium and potassium into 
the cells, remains problematic. There is no 
reason to doubt that both events could have 
occurred simultaneously in a given patient 
recovering from congestive heart failure. Trans- 
fer of water in the first situation would be into 
the cells and in the second situation, out of the 
cells. With both events taking place simul- 
taneously, the direction of transfer of water 
would depend upon the more prominent factor. 
Of the three cases in which calculations of water 
transfer were possible, patient J. B. (case 1), 
showing 3.7 L. net gain of cellular water, had 
severe respiratory acidosis, as well as conges- 
tive failure. Correction of the acidosis may 
have resulted in migration of additional sodium 
and potassium back into the cells, causing iso- 
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osmotic transfer of water in the same direction. 
The magnitude of this transfer during recovery 
may have been so great as to overcome the 
tendency for water to leave the cell, due to 
primary inactivation of the intracellular base. 
‘he small net transfer of water into the cells 
i: case 2, with hypertension and cor pulmonale, 
1.ay also have been influenced by a low grade 
respiratory acidosis, which could not be 
cemonstrated in the plasma carbon dioxide 
content. In case 3, mercurials were used 
irequently, so that shifts of water during 
covery do not necessarily represent correction 
f an altered intracellular balance. A positive 
alance of intracellular water was also seen 
during recovery in one of the three beriberi 
‘ases studied previously.° Minor changes in 
ntracellular water were likewise seen in three 
of the seven cases previously studied, who had 
less than 3 Kg. of total fluid loss.‘ In general, 
only patients with marked fluid loss (greater 
than 8 Kg.) during recovery from uncompli- 
cated congestive heart failure show a significant 
loss of intracellular water.‘ It is very probable 
that certain factors other than that associated 


with recovery from congestive heart failure 
per se may account for the uptake of water by 
the cells. 


It would seem from these studies that the 
metabolic changes in congestive heart failure 
due to chronic cor pulmonale are essentially 
the same as in failure due to other causes. The 
cells appear to be deficient rather than over- 
laden with water and depleted of more sodium, 
presumably due to complicating respiratory 
acidosis. 

The exact mechanism for retention of sodium 
and water progressing to cardiac edema re- 
mains obscure, but the intrinsic osmotic acti- 
vation of cellular base following cardiac and 
circulatory failure may in some way set in 
motion the train of events leading to this 
clinical condition. It is postulated?* that the 
increase in osmolarity of the cells and, tem- 
porarily, the relative decrease in osmolarity 
of the extracellular fluid provoke aldosterone 
activity to sodium retention, whereas the in- 
crease in osmolarity of the cells or the obligato- 
ry increase in osmolarity of the extracellular 


fluid?* provoke antidiuretic activity and water 
retention. 


SUMMARY 


Five cases of congestive heart failure were 
studied metabolically during recovery. One 
unequivocal case and one probable case of cor 
pulmonale showed cellular uptake of sodium, 
potassium and magnesium and inactivation of 
cellular base in a manner similar to heart 
failure due to other causes. Cellular uptake of 
water during recovery, calculable in three cases, 
was contrary to previous findings, but was 
explainable by the greater than usual uptake 
of cations by the cells associated with chronic 
pulmonary insufficiency or by the frequent use 
of mercurial injections. The pathogenesis of 
congestive cardiac edema is discussed. 
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SUMMARIO IN INTERLINGUA 


Cinque casos de congestive disfallimento car- 
diac esseva studiate metabolicamente durante 
le periodo del recuperation. Un caso inequivoe 
e un altere probabile de corde pulmonal mon- 
strava un reception cellular de natrium, kalium, 
e€ magnesium e un inactivation del base cellular 
que esseva simile a correspondente phenomenos 
in casos disfallimento cardiac debite a altere 
causas. Le reception cellular de aqua durante le 
periodo de recuperation esseva calculate in tres 
casos e non se trovava de accordo con previe 
constatationes. Iste discrepantia esseva explica- 
bile per le reception supra-usual de cationes in 
le cellulas que es associate con chronic insuffici- 
entia pulmonar o per le frequente uso de injec- 
tiones mercurial. Es discutite le pathogenese de 
congestive edema cardiac. 
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Report of Committee on Nomenclature 
of The American Society for the 
Study of Arteriosclerosis 


Tentative Classification of Arteriopathies 


T is recognized that all classifications of 

diseases are tentative and subject to 
-&@ change as new contributions alter con- 
(opts of etiology and pathogenesis. This 
classification is presented as a summary of 
current opinions not only of the members of 
ihe committee but of many other physicians 
who have been interested in and have worked 
with various phases of the broad problem of 
arterial diseases. 

This proposed classification covers a_ re- 
stricted area and aims at a concise definition 
of clinical pathological entities rather than an 
all-inclusive coverage of the whole area of 
vascular lesions, the functional as well as the 
organic. 

There is no frank conflict between this 
classification of arteriopathies and the one dis- 
tributed by the American Heart Association. 
It neither does nor does not have the endorse- 
ment of the A. H. A. 


A. DEGENERATIVE ARTERIOPATHIES 
1. ATHEROSCLEROSIS 


A disease, primarily of large arteries, charac- 
terized by plaquelike intimal deposits which 
contain neutral fat, cholesterol, lipophages, 
and sometimes blood or other evidence of 
hemorrage. The lesions may remain stationary 
or enlarge, fibrose or calcify. They may en- 
croach upon the lumen. The intimal surface 
commonly degenerates, predisposing to throm- 
botic occlusion. Factors which are considered 
in the pathogenesis are: 

(1) Heredity, sex, body type and age, 

(2) Disturbance in lipid and carbohydrate 
metabolism, 

(3) High caloric and high fat intake, 


(4) Various endocrinopathies, 
(5) Intravascular pressure and 
(6) Mural lesions. 


2. Meprat Cauciric ScLterosis (MOENCKE- 

BERG’S) 

A disease characterized by widespread focal 
calcification and fibrosis in the media of mus- 
cular arteries particularly in the legs. The 
calcification sometimes appears as circum- 
ferential rings. This is most commonly a dis- 
ease of adult life which tends to progress with 
aging. The etiology is unknown. Reduction of 
the arterial lumen is rare but may occur 
usually from concomitant atherosclerosis. 


3. ARTERIONECROSIS 


(1) Cystic Medionecrosis. A disease charac- 
terized by myxomatous degeneration, often 
with cyst formation, of the medial coat of the 
aorta. It is the major cause of dissecting 
aneurysms and thus sometimes of aortic in- 
sufficiency. The etiology is unknown. The con- 
dition may occur in adults of any age; it has an 
increased incidence in the terminal months of 
pregnancy and is associated with hyperten- 
sion. 

(2) Toxic Arterionecrosis. A state charac- 
terized by degenerative and necrotic lesions in 
various parts of all of the coats of the arteries 
ascribed to exogenous or, possibly, endogenous 
(renal, adrenal) toxins. 

(3) Arterionecrosis of Physical Origin. Arterio- 
necrosis produced by gross mechanical or 
thermal trauma. 

(4) Arteriolar Necrosis (Arteriolonecrosis). 
The characteristic lesion of hypertensive dis- 
ease of varied origins which is clinically mani- 
fest as ‘malignant’ or ‘accelerated’ hyperten- 
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sion. The most severe changes are found in 
renal intralobular arteries and afferent arteri- 
oles, although lesions occur in other regions 
(splanchnic and renal arterioles). The essential 
lesion is intramural fibrinoid necrosis, often 
associated with perivascular fibrinoid smudges 
and with corresponding zones of hemorrhage 
and intravascular thrombosis. These changes 
are usually superimposed on _ hyperplastic 
arteriopathy. Arterial hypertension is a basic 
common factor in the genesis of arteriolar 
necrosis, although endogenous toxic factors 
seem to predispose to its occurrence, sometimes 
in the absence of severe increases of arterial 
pressure. 


B. PropuctivE or HyperpLastic ARTERIOP- 
ATHY (HYPERTENSIVE VASCULAR DISEASE 
Abnormalities primarily affecting systemic 

small arteries and arterioles. In arteries, these 

are manifested by muscular hyperplasia which 
progresses to medial fibrosis, reduplication of 
the internal elastic lamina and intimal pro- 


liferation; in arterioles, there appear muscular 
hyperplasia and, later, hyaline degeneration. 
These are associated with, or result from, in- 


creased arterial pressure. Pulmonary arteries 
may be involved in diseases associated with 
increased pulmonary arterial pressure. In such 
conditions, remediable thickening of vessel walls 
may be observed. 


C. INFLAMMATORY ARTERIOPATHIES 
1. INFECTIOUS 


(1) Syphilitic. Widespread vascular ab- 
normalities characterized primarily by ad- 
ventitial cellular infiltration, especially by 
plasma cells. The principal defects are manifest 
in the thoracic aorta and meningeal vessels. 
In the aorta, the gross changes follow on ob- 
literation of vasa vasorum and consist in 
destruction of the elastica with a tendency to 
aneurysm formation or valvular insufficiency 
of the aortic commissures. 

(2) Bacterial. Local acute inflammatory and 
destructive changes in arteries throughout the 
body. These follow on local invasion of various 
bacteria, particularly pathogenic cocci. My- 
cotic aneurysm often develop at the sites of 
damage. 


(3) Plasmodial. This usually involves sma!| 
arteries and is associated with agglutination of 
red cells in cases of severe or terminal malaris| 
infestation. 

(4) Viral. Arteritis, usually involving small 
arteries, and caused by local damage b- 
rickettsial and virus infections. 


2. ATTRIBUTABLE TO ABNORMAL TISSUE RE- 
SPONSES (HYPERSENSITIVITY) 


(1) Polyarteritis Nodosa (periarteritis no 
dosa; essential panarteritis). Characterized by 
inflammation of small arteries with cellula 
infiltration, at first mainly periarterial, witl 
subsequent segmental necrosis of the media 
coat. Aneurysms may develop in the weakened 
vessels; healing is by fibrosis or obliteration 
Many cases represent hypersensitivity reac- 
tions to drugs, antibiotics, foreign protein or 
unknown agents. 

(2) Arteritis Associated with Systemic Lupus 
Erythematosus. Part of a widespread disease 
characterized by collagen necrosis, low grade 
inflammatory changes, and, sometimes, inti- 
mal proliferation and thrombosis. 

(3) Arteritis Associated with Scleroderma 
and Acrosclerosis. Affecting small and medium 
sized arteries, usually of the extremities, and 
characterized by fibrosis of the adventitia, slow 
endothelial proliferation and arterial occlusion 
which may lead to tissue ischemia and some- 
times gangrene. 

(4) Arteritis Associated with Rheumatic 
Fever. Inflammatory and productive arteritis 
complicating rheumatic fever and manifesting 
itself mainly in coronary, cerebral or renal 
arteries. 

(5) Thromboangiitis Obliterans. A recurrent 
segmental, obliterative panangiitis involving 
the arteries and veins of extremities, rarely of 
the viscera. It occurs almost exclusively in 
young adult males and leads to tissue ischemia 
and sometimes gangrene. The complete etiology 
is unknown; currently the use of tobacco by 
sensitive individuals is considered the most 
important etiologic factor. 

(6) Cranial Arteritis. (Giant-cell arteritis; 
temporal arteritis) A  panarteritis present 
chiefly in the arteries of the head and scalp and 
occasionally in those of other parts of the body. 
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‘The lesions have the histologic appearance of 
geanulomas, contain giant cells and produce 
considerable periarterial inflammation and 
s metimes endothelial proliferation. This may 
go on to vascular occlusion which may be pre- 
(ipitated by earlier thrombosis. It is seen al- 
110st exclusively in the elderly in whom it 
causes headache and sometimes sudden loss of 
\ision, more rarely loss of hearing. The etiology 
i; unknown. 


‘.. TRAUMATIC ARTERITIS 


(1) Chemical. Arteritis associated with or re- 
sulting from chemical injuries of the arteries, 
nd due either to local contact from injection 
of chemical solutions or indirectly to the ab- 
orption of toxic chemicals. 

(2) Physical. Arteritis resulting from ex- 
posure to various physical agents: light, heat, 
cold, x-ray and radioactive substances. 

(2) Mechanical. Arteritis due to mechanical 
injury by direct impact or as a result of cavita- 
tion from high-velocity missile wound. 


4. UNDETERMINED OR UNCERTAIN ORIGIN 


(1) Thrombotic Thrombocytopenic Purpura. 
A relatively uncommon disease of the arterioles 
and capillaries characterized pathologically by 
collagen changes in the intima which are 
associated with localized endothelial prolifera- 
tion, extensive platelet deposition and occlusion 
of involved vessels. There is secondary throm- 
bocytopenia with purpura. 

(2) Nodular Vasculitis. Occurs chiefly in 
older women and belongs to the category of 
nontuberculous nodosities. The lesions are 
more painful, of shorter duration and have 
less tendency to ulcerate than those seen in 
erythema induratum. The histologic picture, 
however, is similar to erythema induratum. 

(3) Aortic Arch Arteritis (Young female 


arteritis; pulseless disease). A relatively rare 
proliferative arteritis involving the intimal and 
medial coats, affecting almost exclusively the 
aortic arch and its major branches, often 
leading to thrombosis and occlusion of one or 
more of these branches; sometimes occlusion of 
the coronary ostia develops. The condition 
occurs almost exclusively in young or middle 
aged women. The etiology is unknown. 


D. Primary THROMBOEMBOLIU 
ARTERIOPATHIES 


1. EMBOLISM 


(1) Detached thrombus or vegetation 
(2) Air 

(3) Fat 

(4) Foreign bodies 


2. EssENTIAL ARTERIOTHROMBOSIS (IN SITU) 


Such as is seen in polycythemia vera and 
other conditions where there is hypercoagula- 
bility of the blood. 


E. ComBinep Forms oF ARTERIOPATHIES 


Combination of any of the aforementioned 
arteriopathies. The combination of athero- 
sclerosis and medial arteriosclerosis or arterio- 
necrosis is frequent, and suggest that medial 
lesions may often determine the localization 
of atheroma in susceptible individuals. 
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EDICAL progress in the understand- 

ing of aortic dissection in vivo, com- 
monly and improperly called ‘dis- 
secting aneurysm,” has been, in a schematic 
sense, mainly horizontal and not vertical. 
Charted to the left, one might note much 
progress in the alerting of medical students to 
the occurrence and general symptoms of this 
condition; charted to the right, one might note 
the expanded knowledge of the specialists con- 
cerning the associated background conditions 
and the unique symptom complexes. In the 
vertical ordinate, progress in regard to the 
probing of underlying basic causes would be 
noted to be limited; likewise, the ascent on the 
vertical scale as a reflection of specific preven- 
tion or treatment has been, indeed, of modest 
degree. 

My own interest in this condition originated 
about a quarter of a century ago in medical 
school, where I was attracted by apparent 
paradoxes and controversies concerning the 
nature of the condition. I remember walking 
from one class where, in a historical preamble 
to a discussion of this disease, it was mentioned 
that King George II had died of it, to another 
class where it was mentioned that this king had 
died of cardiac rupture. Also, I was impressed 
with the strange fact that the aorta, which 
might withstand an intraluminal pressure of 
3,000 mm. of mercury, could readily be split 
longitudinally, the latter phenomenon being 
demonstrated in the aortas of elderly subjects 
very dramatically by my professor, Dr. Oskar 
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Dissecting Aneurysm of the Aorta) 
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Klotz, by simply pulling the layers apart 
throughout the whole length of the aorta. In 
addition, it was evident that the name “dis- 
secting aneurysm”’ was a misnomer—that the 
condition was rather a dissecting hematoma 
with progressive splitting of the medial layer. 
A controversy was also evident concerning the 
role that syphilis of the aorta might play; Dr. 
Klotz, in demonstrating the histologic lesion of 
chronic syphilis of the aorta, maintained that 
it would be protective against the dissecting 
intramedial force. 





Keys and I' studied the necropsy report on 
King George II and concluded that the lesions 
of both myocardial rupture and aortic hema- 
toma were present, although data were 
generally inadequate as to the pathogenesis of 
these lesions. Although it is now generally 
recognized that “dissecting aneurysm” is not 
an accurate term, it is probable that it will be 
slow to be erased from the medical literature; 
yet one should make a plea that it be so 
erased. I believe that now it will be universally 
conceded that syphilis is not etiologically re- 
lated to “dissecting aneurysm” and that the 
lesions of chronic syphilis would prevent or 
limit aortic dissection. 

INCIDENCE AND TYPES 

There is evidence of an increasing incidence 
of aortic dissection, and perhaps this is largely 
related to an aging population. Kirkpatrick? 
found only 22 well-authenticated cases in the 
pathologic archives of the Mayo Clinic up to 
1948, but since that time there have been 


nearly as many more, that is, 18 cases in the 
past seven years. 
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A similar increase has been noted in other 
enters. For example, at the Massachusetts 
‘eneral Hospital, Glendy and associates* found 
‘cords of 21 cases that had been encountered 
p to 1937, and David and co-workers‘ found 
cords of 17 cases encountered in the 10-year 
riod 1937 through 1946. Compared with 
ayocardial infarction, aortic dissection is still 

rare lesion, and a busy consulting cardiologist 
aight practice for many months without seeing 

case. While the healed form of dissection is 
vell known to the pathologist, it is even rarer 
han the unhealed form, as an overwhelming 
najority of the cases that the pathologist sees 
we in an acute or subacute stage and have 
‘linical histories that encompassed only hours 
or days. In the 40 necropsy cases available for 
study at the Mayo Clinic, the length of sur- 
vival has generally been directly proportional 
to the distance of the intimal tear from the 
aortic valve, an observation that is far from 
new, as it was made by Peacock® in 1863. Out- 
standing exceptions are not rare; for example, 
there is the clinic patient with paraplegia who 
lived for five months without further circula- 
tory trouble but whose intimal tear was in the 
ascending aorta. This case has been discussed 
in some detail by Moersch and Sayre.® 

Over the years, the types of lesion have 


Diaphragm _ 


a b ¢ 


Fig. 1. Distribution of 22 Mayo Clinic cases of 
aortic dissection encountered prior to 1948 (Kirk- 
patrick?) according to sites of intimal tear and parts 
involved by dissection. a. Sites of intimal tear. b. 
Parts of aorta involved. c. Large aortic branches in- 
volved significantly. 


Fic. 2. Gross specimen showing extensive dissec- 
tion of sheath of ascending portion and arch of aorta, 
with compression occlusion of innominate artery. 
The intimal tear may be seen just proximal to the 
origin of the innominate artery. The patient, a 
woman 79 years of age, had sudden syncope and pre- 
sented as a problem of hemiplegia with associated 
aortic insufficiency. Death occurred three days after 
onset of illness and gross hemopericardium was 
present at postmortem examination. There was no 
adequate explanation for the diastolic bruit in the 
careful study of the aortic valve, which appeared 
normal and competent. 


shown the same variegated pattern, and at the 
Mayo Clinic the anatomic distribution of the 
tears remains the same as that reported by 
Kirkpatrick? (fig. 1). The general pathologic 
problem may be introduced visually by refer- 
ence to figures 2 and 3. Roughly, the primary 
intimal tear was in the ascending aorta in 
approximately 50 per cent of the cases, in the 
arch in 30 per cent and in the descending tho- 
racic aorta in 20 per cent. In approximate per- 
centages, the dissection involved the ascending 
aorta in 70 per cent, the arch in 90 per cent and 
the descending thoracic and the descending 
thoracic and abdominal aorta in 80 per cent. 
In the 22 cases the right and left coronary 
orifices were each involved twice, the in- 
nominate artery five times, the left carotid 
six times, the left subclavian eight times, the 
celiac axis and superior mesenteric each twice, 
the left renal artery nine times and the right 
twice, and the left iliac 12 times and the right 
nine times. 
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FiG. 3. a. View of aortic bifureation to illustrate re- 
entry tear into right internal iliac artery. b. Low- 
power view of cross section of subclavian artery to 
illustrate dissecting hematoma, in outer third of 
media, that obstructs original lumen (courtesy of 
Dr. J. E. Edwards). 


ETIOLOGY 


Although a detailed discussion of basic 
etiologic factors does not properly belong in a 
clinical progress report, certain problems need 
to be mentioned, as they bear directly on the 
clinical problem. The following categories of 
problems are mentioned. 


1. Experimental Problems. 


The occurrence of ‘‘spontaneous” aortic dis- 
section and rupture in rats fed sweet-pea meal 
has created interest, whether it is to be related 
to a possible toxic factor or to a specific protein 
deficiency.’ Rats fed aminonitriles also have 
experienced aortic rupture.* 


2. Physical Anthropologic Problems. 


The occurrence of dilatation of the grea 
vessels of the heart and aortic rupture i 
association with Marfan’s syndrome is gen 
erally recognized in the cardiologic world, anc 
McKusick? has discussed this problem in detai 
in a recent review. Of perhaps novel interest i 
the evidence’ that a localized abiotrophi: 
trait may be carried in a family group contain 
ing persons with the complete Marfan syn 
drome and that some individuals of norma 
body habitus within such a group might hav 
aortic dissection and rupture. Aortic dissection 
with a false aneurysm has been observed in 
association with marked funnel depressions 0: 
the thorax, and I have observed one such case 
the presenting problem being that of left 
bronchial obstruction and atelectasis. Such an 
association must be rare, as Evans"! mentioned 
none in his report on the heart in sternal de- 
pression. 


3. Systemic Problems. 


(1) Pregnancy. Throughout reports in the 
literature on aortic dissection and rupture, the 
not infrequent mention of the association of 
this condition with pregnancy is notable. In a 
review of 49 cases of aortic dissection in fe- 
males, Schnitker and Bayer” found that 24 
occurred in association with pregnancy. Just 
how the pregnant state is facilitative or per- 
missive of aortic degeneration and medial 
splitting is not clear at the present time, al- 
though the typical lesion of idiopathic medio- 
necrosis cystica may be seen. 

(2) Hypertension. If Marfan’s syndrome and 
pregnancy are excluded, it is proper to teach 
that aortic dissection is always associated with 
hypertension—“always”’ isa treacherous, tyran- 
nical word and exceptions undoubtedly occur. 
As judged from the data reported from the 
Army Institute of Pathology by Gore and 
Siewert," the younger the patients the larger 
is the number without evidence of hyperten- 
sion. Not a few subjects to become the victims 
of this condition have had a history of recent 
hypertension of a severe progressive type. Al- 
though it is recognized that the marked eleva- 
tion of blood pressure during the patient’s 
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acute illness may not be representative of previ- 
ous hypertension, it is notable that a consider- 
ale number of our cases have come from the 
goup of patients with hypertensive retinop- 
a hy, that is, those with so-called malignant 
hypertension. 

(3) Coarctation. In about 10 per cent of un- 
t eated patients with coarctation, aortic rup- 
tire with dissection and hemopericardium is 
tie cause of death. The proximal aorta is 
usually the location of the dissection, but in 
r we instances the aorta distal to the coarctation 
riay also be the site of dissection. 

(4) Aortic Valvular Disease. Aortic dissection 
lay occur with chronic aortic valvular dis- 
case particularly if the latter is of moderate 
degree, but the two conditions occur together 
so rarely that a cause-and-effect relationship 
seems unlikely. 

(5) Myxedema (?). Kountz and Hempel- 
inann" reported three cases of aortic dissection 
that had followed thyroidectomy; although 
they considered the possibility of coincidence, 
they deemed it proper to infer a causal rela- 
tionship. It does seem that the relationship 
may have been coincidental, as Blumgart,!® 
in his own cases of total thyroidectomy and ['*! 
treatment, has not observed this complication, 
nor has he learned of cases in other centers 
utilizing I'*! in the therapy of heart disease. It 
has not occurred in my experience. A few of the 
patients at the Mayo Clinic had been on 
potassium sulfocyanate therapy but no causal 
relationship could possibly be implied. 


1. Histologic Problems. 


Medial degeneration may be accepted as a 
sine qua non of spontaneous aortic dissection, 
and the form described by Erdheim under the 
term “medionecrosis cystica” is often en- 
countered in various degrees of its classic ad- 
vanced state. It seems plausible to claim that 
this histologic picture does not represent a 
specific disease process but rather a metabolic 
end-effect to which the hypertension in some 
way may strongly contribute. In young adults 
the degenerative medial change is described by 
Gore! to be mainly degeneration of the elastica. 
Readers are referred to pathologic theses on 


this subject but may be disappointed in the 
lack of basic knowledge concerning the patho- 
genesis of the degenerative medial lesions. 

Atherosclerosis is not to be regarded as a 
cause of aortic dissection, although dissection 
may occur in atherosclerotic aortas. In rare 
cases, as exceptions to the rule, an aortic split 
may originate in the base or edge of an atherom- 
atous plaque. In Shennan’s!® large series of 
218 cases, an atherosclerotic lesion was the site 
of intimal rupture in about 2.5 per cent. Syphi- 
lis has already been mentioned as not being 
etiologically related, and in those cases in 
which both an aortic dissection and a syphilitic 
lesion are present, the two conditions are not 
mingled. The case reported by Weiss!” de- 
serves special mention in that there was a large, 
saccular, aortic aneurysm and an aortic dissec- 
tion, and one of the main points of the dis- 
cussion concerned the absence of any over- 
lapping of the syphilitic and dissected areas of 
the aorta. The view that the aneurysm was 
syphilitic should not remain unchallenged, how- 
ever, despite the patient’s positive Wasser- 
mann reaction, as the lesion occurred in the 
characteristic area for traumatic rupture or 
partial dissection with a false aneurysmal sac, 
and the ascending aorta showed no signs of a 
syphilitic process. : 

In rare instances, dissection may begin in 
the depth of a mycotic aneurysm as is illus- 
trated by the well-documented case of sub- 
acute aortic bacterial endocarditis reported by 
Bartol and associates.!* An instance of aortic 
dissection occurring with diffuse granulomatous 
aortitis has been reported by McMillan.” 


5. Dynamics. 


A sufficient number of cases of aortic hema- 
toma without intimal rupture have been ob- 
served to give credence to the supposition that 
all dissecting hematomas begin with hemor- 
rhage from vasa vasorum and that an intimal 
break is secondary. However, one still cannot 
help being attracted by the hypothesis that the 
lesion in some cases might be caused by the 
sudden longitudinal or circular stretching of the 
media with resultant partial separation of it 
and secondary intimal rupture, produced in the 
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proximal aorta by forces related to the stroke 
output of the heart. The not uncommon onset 
of the dissection subsequent to a bowel move- 
ment, which is a natural Valsalva procedure 
following which it is known that very large 
compensatory stroke volumes and high periph- 
eral resistances are simultaneously present, 
may be cited as in some support of this thesis. 
The orientation of the intimal tear gives rather 
little help in the problem of dynamics. Usually, 
the tear has been thought of as being trans- 
verse, but many varieties of tears have been 
seen, with longitudinal tears apparently being 
particularly more common in young male 
groups.” 

Exertion as a contributing cause cannot be 
established, since only in occasional cases has 
the onset of the dissection, as judged from the 
histories, occurred while the subject was exert- 
ing himself. Although Cherry and Cherry”? 
discounted the possibility of exertion as a sig- 
nificant etiologic factor, moderate or heavy 
exertion was concomitant with the onset of the 
illness in 15 per cent of the 77 cases they re- 
viewed. In one State, the court ruled*! in favor 
of the plaintiff when an apparent aortic dis- 
section occurred during his work. Whether or 
not partial forms of Marfan’s abiotrophy might 
exist among the young, tall basketball players 
in this country is a provocative thought, and an 
occasional sudden death in such athletes fol- 
lowing a game has been noted in the news- 
papers. Emotional storms coincident with the 
onset of illness have been reported in a small 
percentage of cases (described early by Peacock 
as associated with a “fit of passion’’), and a 
causal precipitating relationship is probable. 

General trauma related to sudden decelera- 
tion or compression of the intrathoracic parts 
may be considered a possible initiating factor 
but no convincing evidence is available to 
support this speculation. There is a form of 
traumatic aneurysm of the aortic arch (in the 
form of aortic rupture, hematoma and false 
aneurysm), and it is possible that such lesions 
could be complicated by medial dissection in 
rare cases. One of the cases at the clinic may 
represent such a sequence of events, since a 
severe injury of the thorax occurred in an auto- 
mobile accident six months before the acute ill- 


ness. There are reports of other similar cases i) 
the literature. 


CLINICAL PICTURE 


The clinical picture resulting from aorti 
dissection is extremely and characteristicall: 
protean, and such wide variety should be ex- 
pected in view of the varied parts of the aort 
that may be involved and the varied tissue 
that may bear the brunt of the secondar 
trauma, either through direct destruction o- 
ischemia. The clinical picture varies with tim« 
and sometimes distinct phases are recognized, 
that is, phase of onset, phase of progressior 
phase of complications and phase of death or « 
recovery with sequelae. However, the whol: 
process in all its phases may be over in a matte 
of moments, and the lesion is the cause of death: 
in a considerable proportion of coroners’ cases 
of sudden death. As a clinical problem, how 
ever, there is characteristically the history of 
severe unrelenting pain, which “marches” from 
one region to another, particularly from thorax 
to back, to abdomen, to extremities. Pain may 
occur in the face, ear or neck before it is felt 
elsewhere. Pain may be absent, particularly 
when cerebral arterial insufficiency has occurred 
early in the attack. 

The onset is not infrequently associated with 
syncope or shock. Characteristically, however, 
when the patient is admitted, the blood pressure 
may be found to be very high—pressures of 
250 mm. of Hg systolic and 150 diastolic not 
being unusual—despite the fact that he may be 
cold and sweaty and have a feeble pulse. One 
may hear a double bruit at the aortic area, and 
this may be a transient or, more often, a per- 
sistent phenomenon. Arterial pulsations may or 
may not be unequal in arteries of the extrem- 
ities. Neurologic conditions, particularly para- 
plegia or hemiplegia, may be the main features, 
or abdominal symptoms may be predominan‘ 
with pain, distention and urge to defecation 
Acute pancreatitis or mesenteric thrombosi 
may be suspected. Usually, however, myo 
cardial infarction is the condition most ofte: 
suspected in problem cases; it is particular! 
logical to suspect myocardial infarction whe: 
the patient previously has had anginal pain 0° 
even myocardial infarction and then exper'- 
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‘nces a new attack of severe thoracic pain which 
{ten is the presenting complaint in aortic dis- 
ection. 

Hoarseness has been known to occur; as- 
umedly, it is related to paralysis of the left 
‘ocal cord through involvement of the left re- 
‘urrent laryngeal nerve. Rarely, Horner’s syn- 
lrome also may be seen. 

Fever and leukocytosis may occur early. If 
xternal bleeding is occurring, progressive 
inemia may be noted. On rare occasions, there 
nay be ecchymosis of the upper part of the 
horax and lower part of the neck. In one such 
‘ase,” the patient survived a year, after which 
he site of external aortic rupture could not be 
dentified by the pathologist. 


DIAGNOSIS 


If it is possible to obtain a clear history of 
severe pain that migrates according to pro- 
gressive dissection of the aortic length and to 
observe the patient to have an accession to a 
severe hypertension and to have inequality of 
the pulses in the peripheral vessels, then it is 
proper to make the diagnosis of aortic dissec- 


Fic. 4. Roentgenogram of chest of a woman aged 
16 years who died 24 hours after onset of severe sub- 
ternal pain. She had been under therapy for hyper- 
ension at the clinic for 20 years and had presented a 
iormal aortic shadow in the previous roentgeno- 
srams. An aortic diastolic murmur was heard, and 
here was evidence of cerebral ischemia. Death was 
‘elated primarily to extensive dissecting hematoma 
nd to hemopericardium. 


Fic. 5. Roentgenogram of chest of a man aged 39 
years who died 11 days after onset of acute illness 
ushered in by severe interscapular pain. The blood 
pressure was 250/190. Convulsions and abdominal 
pain characterized the latter part of the illness. 
Death was sudden. At postmortem examination the 
intimal tear was found just distal to the ligamentum 
arteriosum and there was massive hemothorax on the 
left. 


tion. Further corroboration may come from 
an electrocardiogram which may show either < 
normal condition or evidence only of left 
ventricular hypertrophy, and from a roentgeno- 
gram which shows widening -of the superior 
mediastinal shadow or definite dilatation of the 
aorta and perhaps fluid (blood) in the left 
pleural cavity. In such a case the lesion would 
be easily recognized, but in other cases in the 
acute phases of the disease the patient may, at 
the onset, present hemiplegia or paraplegia, 
manifestations of an acute abdominal catas- 
trophe or evidence of renal insufficiency in the 
form of acute oliguria. 

Despite the slight macabre hue to the story, 
it may be mentioned that James Paullin, a 
long-time student of the problem of aortic 
dissection, died with this condition, diagnosing 
it with accuracy, insisting he could feel his 
aorta tearing, and correctly predicting that 
rupture would take place into the left pleural 
cavity.” 

If the patient recovers from the acute phases 
of his disease, he may return to the hospital 
months later because of heart failure attribut- 
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Fic. 6. a and b. Anteroposterior and left oblique roentgenograms of the chest of a woman aged 
32, in 1951, who gave a history that in the last month of pregnancy she experienced severe substernal 
and back pain that was not alleviated by morphine. Delivery of a live baby occurred two and one-half 
hours later but the patient was unaware of labor pains. The postpartum course was complicated by 
heart failure which responded to therapy. The blood pressure was 150/80. The home physician re- 
ported that the patient was still living in May, 1955, that she was doing her own housework and that 
the roentgenographic appearance of the thorax was not essentially different from that of 1952 as 


shown here. 


able perhaps by the clinician to the hyperten- 
sion or possibly to syphilitic or rheumatic 
aortic valvular disease.**: *> Also, the patient 
may have bizarre pains that take him to the 
neurologist, or he may have unusual abdominal 
or thoracic complaints that take him to the 
internist. 

The roentgenologic picture may be exceed- 
ingly helpful, and little has been added to 
knowledge in this field since the study of Wood 
and associates.** In the chronic or healed stage 
of the disease, the location of the main lesion 
may be suspected but usually the whole aortic 
shadow is diffusely enlarged. Characteristic 
roentgenograms are shown in figures 4, 5 and 6. 
The aorta in this disease has been outlined 
very well by angiocardiography,” but the 
usually benign reactions to this procedure 
might be more feared in patients with an acute 
aortic dissection. 


DIFFERENTIAL DIAGNOSIS 


Few, if any, cardiologists have not been per- 
plexed by the symptoms of aortic dissection 


or have not held clinics on the victims of this 
condition. The ease of diagnosis has been 
stressed by some. For example, Middleton® 
stated that the prediction that junior medical 
students should soon be making the diagnosis 
with ease was “not stretching the issue too far.” 
One result has been that the diagnosis is sug- 
gested in most cases of thoracic pain and, hence, 
false-positive diagnoses may not be infrequent. 
When the necropsy protocol is read, it is usually 
very evident why the symptoms occurred, but 
in the hospital the majority of instances are 
still difficult to diagnose without considering 
alternate explanations of the symptom com- 
plex. While the last 10 Mayo Clinic patients 
who have had aortic dissection and have lived 
more than a day have had the diagnosis sug- 
gested, the notes did not reflect such self-as- 
surance in the correctness of the diagnosis as is 


usually evident in the notes pertaining to the 


diagnosis of acute myocardial infarction. 
Hypertensive and coronary arteriosclerotic 
disease is first on the list for differential diag- 


nosis. Patients in whom these conditions have 
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been the main problem, perhaps with proved 
myocardial infarctions in the past, may have 
acrtic dissection as a terminal event. A patient 
w th myocardial infarction may have embolic 
e) isodes of such a nature as to suggest arterial 
o:clusion by dissection. Cerebral arterial in- 
si ficiency in association with acute myocardial 
ir faretion may not be of embolic origin but, as 
enphasized and documented by Bean and 
associates,” acute myocardial infarction at its 
d-but may “masquerade” as an acute cerebral 
dsturbance such as hemiplegia. The dynamic 
b wkground of such a syndrome is believed to be 
a hypotensive state at the onset of the infarc- 
tion. Death from acute myocardial infarction 
is attributable to rupture of the heart in ap- 
proximately 15 per cent of all fatalities, and 
since this frequently occurs in elderly women 
in whom the blood pressure remains elevated, 
aortic dissection might well have been con- 
sidered clinically. Particularly would this be 
true if one did not have good electrocardio- 
graphic evidence of the infarction. A further 
obstacle to diagnosis is the fact that the lateral 
wall of the heart may be the site of infarction 
and rupture, so that the electrocardiogram 
may not be definitive of the diagnosis. 

The problem of differentiating aortic dissec- 
tion from myocardial infarction may be further 
complicated by the fact that aortic dissection 
may involve the orifices of the coronary arteries 
and cause myocardial ischemia or infarction. 
While electrocardiographic tracings charac- 
teristic of infarction may be obtained in aortic 
dissection, only rarely do the changes follow a 
characteristic pattern. One of the best exam- 
ples of an electrocardiogram, showing a typical 
posterior-infarct pattern following aortic dis- 
section and coronary-artery obstruction, may be 
seen in the article of Levinson and associates.*° 
it is of casual diagnostic interest that the 
electrocardiographic changes related to is- 
“hemic changes of the posterior wall might 
bring up the question of pulmonary embolism 
and acute cor pulmonale. 

In its chronic phases, aortic dissection may 
wresent a difficult problem and a dilated 
itherosclerotic thoracic aorta combined with 
in atherosclerotic abdominal aneurysm of a 
eaking variety may suggest aortic dissection. 
)ther causes of absent femoral pulses or un- 


equal radial pulses, or both, require mention; 
these include coarctation with a subclavian 
artery that arises below the coarctation or is 
strictured at its orifice, and occlusive disease of 
aortic-arch branches that is associated with 
atherosclerosis or other types of arterial dis- 
ease. Differential diagnosis in the presence of 
this problem has been discussed in a clinico- 
pathologic conference by Barker and Ed- 
wards," and a very full historical and clinical 
review of the “‘aortic arch syndromes” was pub- 
lished by Ross and McKusick.® 

Although peripheral arterial occlusion, 
partial or complete, as illustrated in figure 3, 
has been properly emphasized as an important 
sign, it is remarkable that in many cases the 
pulses have been carefully noted to be normal. 

In one case of coarctation of the aorta at the 
Mayo Clinic, the presenting symptom was sud- 
den paraplegia and, as it is known that the 
anterior spinal artery acts as a collateral vessel 
in coarctation and hence is large and tortuous, a 
diagnosis of thrombosis of the anterior spinal 
artery was made. One lesion considered in the 
differential diagnosis was aortic dissection, but 
absence of pain was against this diagnosis. At 
the time of successful surgical repair of the 
coarctation some months later, no evidence of 
any abnormality except the typical coarctation 
was present, which is supportive also of the 
original diagnosis. No further signs relative to 
the spinal cord developed. 

One patient at this clinic who presented a 
syndrome of migrating, severe pain and finally 
paraplegia and whose disease was tentatively 
diagnosed as aortic dissection was found at 
postmortem examination to have hemato- 
myelia.* An interesting case of paradoxic 
emboli giving a clinical picture suggestive of 
dissecting aneurysm is reported in the clinico- 
pathologic conferences of the Massachusetts 
General Hospital.** When acute aortic valvular 
incompetence is a predominant clinical sign of 
aortic dissection, then rupture of an aortic cusp 
or of an aortic-sinus aneurysm might need to be 
considered in the differential diagnosis. 


DIAGNosis OF Site oF LESION 


It is not enough to suspect a dissecting 
aneurysm or even to diagnose it; one should 
attempt to appraise its extent and the site of 
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TaBLeE 1. Relation of Site of Intimal Tear to Site of 
Initial Pain* 


Site of initial pain 
Site of intimal tear Total ee nnn 


cases ; T 
aie 1 Upper 
Substeinal} Back | phy 


) 


19 4 9 
77 7T 117 
6 12t 8t 

32 23 28 


Ascending aorta 

Aortic arch.. 

Descending aorta 
Total. 


“IN to w 
>nw Net 


— 
So 


* Based on selected cases in which the pain syn- 
drome was well described, as follows: Mayo Clinic 
18 cases, Holland and Bayley** 15 cases, Glendy and 
associates® 10 cases, Palmer and Mathison*® 9 cases, 
Logue*’ 9 cases, Ritvo and Votta** 8 cases, Weiss*® 
5 cases and Bay*® 2 cases. 

+ Three patients had pain simultaneously in front 
and back. 

t Four patients had pain simultaneously in front 
and back. 


the intimal tear. The latter may become in- 
creasingly important with the progress of 
surgical therapy. The site of initial pain may 
give a clue to the site of rupture, but correla- 
tion is not sufficiently good for it to be of real 
help (table 1). It would seem that if a patient 
lives long enough to reach a physician and 
gives an accurate history of back pain that 
often almost simultaneously is felt in the epi- 
gastrium, the chances favor the aortic arch or 
the portion of the aorta just beyond the left 
subclavian artery as the site of dissection. The 
location of the tear within the circumference 
of the media may often be inferred from the 
symptoms, as discussed in a later section of 
the paper. 

If a pronounced and persistent murmur of 
aortic insufficiency has appeared, the likelihood 
that the intimal tear is within a few centi- 
meters of the aortic valve is excellent. In chronic 
cases, the roentgenologist may be of great help 
in assessing the limits of the lesion. 


RELATIONSHIP OF SYMPTOMS AND SIGNS TO 
PATHOLOGIC ANATOMY 


Cases of dissection of the aorta usually are 
excellent problems for clinicopathologic con- 
ferences, as the symptoms and signs produce a 
tantalizing trail of events leading, with the 
usual distracting factors, toward the diagnosis, 


and pathologic events can usually be reco- 
structed so as to explain the clinical events. 

In respect to the neurologic signs, hemipleg'a 
may be explained on the basis of occlusica 
caused by dissection that extends into tle 
innominate or contralateral carotid arter ~. 
Contralateral hemiplegia resulting from carot 4 
occlusion may be associated in the characte - 
istic way with homolateral retinal blindness. 
Paraplegia is related to dissection away froin 
both of the pair of intercostal arteries whic. 
supplement the blood flow of the cord. Trai - 
sient symptoms related to the cord have bee 1 
explained by Moersch and Sayre® on the bas s 
of first a compression of the intercostals within 
the aortic media by the dissecting hematom, 
and then a restitution of flow when the inter- 
costal orifice separates from its original internal 
site and connects to the false channel. Ed- 
wards" has expressed the opinion that the 
frequent escape of the cord from ischemic 
damage is related to the usual left-sided loca- 
tion of the dissection in the aortic circumference 
so that the right intercostal and lumbar ar- 
teries are spared. This lateralized location of 
the dissection is reflected in the frequency of 
infarction of the left kidney as compared with 
the right, and in the occasional case in which 
there is ischemic pain in the left testicle but 
not in the right. 

The disappearance and reappearance of pul- 
sations in one or both femoral arteries may be 
explained on the basis of a re-entry break into 
the original aortic or iliac arterial lumen, and 
this chain of events is usually substantiated by 
the eventual pathologic examination. 

Although the hypertension with which aortic 
dissection is associated is usually of long stand- 
ing, the very high blood pressures that exist at 
the time of the acute illness lend credence to 
the hypothesis that in some cases an added 
factor of renal hypertension (ischemic kidney) 
may be operative. It cannot be gainsaid also 
that dissection of the aortic arch, together with 
involvement of branches of the aortic arch, 
could destroy the depressor nerve mechanism 
so that a transient reflex neurogenic hyper- 
tension could be added. Also, in other cases, 
the relative ischemia of the whole brain and 
medulla could be a factor in the hypertension. 
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A frequent and characteristic sign that may 
pear in dissecting aneurysm is a double (“‘to- 
d-fro’”’) aortic murmur. It may be related to 
tic insufficiency when the aorta is practically 
2 ulsed from the heart and the aortic valve 
nds to be invaginated into the ventricle with 

ich diastole, as occurred in one of the cases il- 

strated by Klotz and Simpson.” In most 

ises, however, the tear is incomplete and, al- 
.ough one cannot reconstruct the dynamics of 

ie aortic insufficiency with dogmatic self- 
¢ ssurance, the mechanism of loosening of one of 

1e commissures as discussed in detail for 
artial dissections by Peery” is a favored one. 
evinson and associates®® found no evidence of 
2 dilated valve ring. The thesis of a flow of 
blood into and out of the hematoma, originally 
promulgated by Resnik and Keefer, perhaps 
would serve to explain a case in which the dis- 
section is considerably removed from the aortic 
area. The observation of a unilateral double 
carotid pulse in one case by Nissim“ may be 
quoted in support of the viewpoint that the 
hematoma acts as a systolic reservoir where 
murmurs may occur as blood enters and leaves 
the reservoir. 

Pericarditis has been observed, and it oc- 
curred in one of the Mayo Clinic cases. It is best 
explained as a result of slight suffusion of blood 
into the pericardium. Coronary insufficiency 
may occur, as previously related, from involve- 
ment of the coronary orifices. 


TREATMENT 


In standard texts, treatment has often been 
dismissed with a sentence or so to the effect that 
the patient should be kept at rest and made 
comfortable with narcotics. For those patients 
who recover from the initial onslaught of the 
dissection, it is believed rational to treat them 
with the ganglion-blocking antihypertensive 
agents, and my colleagues and I have done this 
with indifferent success. Anticoagulants are be- 
lieved to be contraindicated because of the 
danger of facilitating any leak that may be 
occurring at the site of an almost-accomplished 
‘xternal rupture; it is doubtful if they would 
have any influence on progression of the dis- 
section per se. One case in which anticoagu- 
lants were given on the basis of a mistaken 


diagnosis of myocardial infarction has been re- 
ported by Brumfitt.® 

Surgical relief of an ischemic limb by creation 
of a re-entry opening in the dissected femoral 
artery was reported by Gurin and associates.*® 
Apparently the first to make a frontal attack on 
the lesion itself, according to Paullin and 
James,” was Osler Abbott, who wrapped the 
area of involved aorta with cellophane. The two 
patients who were operated upon are known to 
have lived more than two years but have been 
lost to follow-up at the present time. Abbott? 
expresses no convictions concerning the estab- 
lished worth of the procedure of cellophane 
wrapping and thinks that perhaps, ideally, early 
surgical treatment with replacement by graft 
of a limited aortic dissection might be carried 
out in selected cases. He also feels that there is a 
major value in using a Blalock type everting su- 
tureforanastomosisin aortas prone to dissection. 
De Bakey* has had successful results, in four 
of six patients operated upon, by carrying out a 
type of plastic repair on the aorta whereby the 
aorta is transected, the distal split rejoined and 
the aorta reconstructed. The ultimate results 
will need further survey. The problem will arise 
as to whether exploration should be performed 
as an emergency following the tentative diag- 
nosis when the patient is first seen by the 
physician, or whether it is only for the chronic 
form of the disease that surgical measures 
should be recommended. Emergency surgical 
repair was carried out in one of the cases re- 
ported by De Bakey. The patient had a mur- 
mur of aortic insufficiency, and death was at- 
tributable to hemopericardium. It seems likely, 
at this time, that the early appearance of cere- 
bral infarction or severe aortic insufficiency, 
signifying both the proximal location of the 
affected portion of the aorta and the limitations 
of surgical salvage, would be a relative contra- 
indication to emergency surgical efforts. A mild 
optimism may be entertained concerning this 
avenue of therapeutic endeavor and this view 
is apparently shared by Baer, who recently 
reviewed the problem. 


EPILOGUE 


Engendered as a simple report on clinical 
progress in respect to dissection of the aortic 
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media, this paper has metamorphosed into a 
general brief review of the problem. In the 
latter form, it suffers from lack of detail con- 
cerning the clinical picture and from lack of 
reference to many excellent papers. As one 
reads numerous case reports in sequence, one 
encounters recurring familiar themes, but each 
report usually has intriguing variations to set it 
apart a little from the others, so that no abso- 
lutely stereotyped or routine clinical picture 
can be found to exist. Probably, cases of dis- 
secting aneurysm will continue to be frequent 
selections for clinical conferences, and at the 
present time the trend may be to suspect it 
more frequently than the clinical data may 
warrant. 

Most advance has probably been made in the 
understanding of the pathogenesis and sig- 
nificance of incompetence of the aortic valve 
and in the understanding of the neurologic com- 
plications and the roentgenologic findings. The 
attack on the lesion by surgeons gives consider- 
able promise, particularly, if the lesion is in the 
distal part of the aortic arch or in the descend- 
ing thoracic aorta. 
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Unusual Manifestations of Coarctation 
of the Aorta 


By Georce C. Grirritu, M.D., Ropert W. Osiatu, M.D. anp Joun C. Jones, M.D. 


OARCTATION of the aorta often is 

associated with other lesions or defects 

of the heart or great vessels which 
may influence the outcome of surgery. In- 
frequently, the coarctation occurs at an atypi- 
cal site. Of the 118 cases to be reviewed in 
this paper, 56, or, roughly, one in two, present 
unusual findings. The frequency with which 
complicating conditions are met makes the 
search for additional pathology mandatory 
when surgical correction of the coarctation is 
under consideration. 


Metuop UseEp IN SELECTING CaAsEs 
The case reports, physical findings, operative 
reports and postmortem findings of patients with 
coarctation seen at several Los Angeles hospitals 
were reviewed carefully. Cases in which only scanty 
information was available were discarded as un- 
suitable for the purposes of this study. There were 
118 cases where the description of the coarctation 
and associated pathology was deemed adequate. 
In 56 instances, the condition was complicated by 

the presence of one or more additional defects. 


CuLassic SYMPTOMS OF COARCTATION 


Most cases of heart failure in the acyanotic 
infant under 6 weeks of age are traceable to 
the infantile type of coarctation or aortic 
stenosis. The adult type of coarctation, in 
which the constriction is usually limited to a 
small segment of the aorta, is seen more 
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commonly by the clinician. Evidences of the 
adult type of coarctation include: (1) reduced 
or absent pulsations in the abdominal aorta 
and femoral arteries, associated with hyper- 
tension in the upper limbs; (2) a fairly loud, 
rough, precordial systolic murmur of maximal 
intensity over the base of the heart, occurring 
a short but perceptible time after the first 
heart sound and not accompanied by a palpable 
thrill at the base of the heart: if the coarctation 
is complete the murmur may be absent; (3) 
collateral arterial circulation, evidenced radio- 
graphically by enlargement of the vessels in 
the superior mediastinum and/or upon aus- 
cultation, by bruits over the enlarged inter- 
costal arteries and branches of the internal 
mammary arteries; (4) other evidence of aortic 
blocking, such as hypertrophy of the left 
ventricle and dilatation of the ascending 
aorta; (5) a defect or break in the continuity 
of the aortic outline in the left anterior oblique 
position, visualized either at fluoroscopy or on 
roentgenograms; (6) absence of the aortic 
knob, normally visible to the left of the spine 
at the level of the fifth dorsal vertebra in the 
adult; (7) bilateral notching (erosion) of lateral 
and posterior portions of the ribs; (8) abnormal 
asynchronism between the radial and femoral 
arteries: in a patient with aortic coarctation, 
the onset of the upstroke and the summit of 
the pulse wave are earlier in the radial than 
in the femoral artery where normally, the 
reverse is true;! (9) a notch in the left border 
of the descending aorta, just at the level of 
the left main pulmonary artery? and (10) 
significant diastolic vibrations reported in 
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phonographic tracings from the dorsal spine 
of patients with coarctation of the aorta.* 


UNUSUAL FINDINGS ON PuysIcaAL EXAMINATION 


Diminished or absent radial pulse on one 
side: In coarctation of the adult type, the 
stenotic portion of the aorta usually lies in 
the vicinity of the ductus arteriosus, most 
often just beyond the origin of the left sub- 
clavian artery; however, coarcted areas have 
been found both proximal and considerably 
distal to this site. Absence of the left carotid 
and left subclavian pulses, or reduced pulsation 
in these vessels, suggests a coarctation situated 
between the origins of these vessels. 

At times the coarctation is limited to the 
left subclavian artery alone. Such a localized 
coarctation may cause no symptoms whatso- 
ever, save for an absent or diminished left 
radial pulse and, possibly, hypertension in the 
right arm. However, absence of the left radial 
pulse may be caused by a number of factors, 
such as a large cervical rib, an aortic aneurysm, 
or a tumor compressing the left subclavian 
artery.! These and other more common condi- 
tions should be ruled out before a diagnosis 
of coarctation of the left subclavian artery is 
hazarded. 

Unilateral rib notching: Unilateral rib notch- 
ing on the right side of the body furnishes con- 
firmatory evidence of a coarctation between 
the origins of the left carotid and left subclavian 
arteries, demonstrating that the right sub- 
clavian artery and its branches have assumed 
the brunt of collateral function. 

If, on the other hand, the coarctation were 
less typically situated and had encroached upon 
the origin of the right subclavian artery, the 
left subclavian artery and its branches would 
be utilized to bypass the coarcted or atresic 
area, and this fact might be mirrored in uni- 
lateral rib notching on the left side of the 
body. 

Infrequently, obliteration of the left sub- 
clavian artery results in unilateral rib notching. 

Pulsations below the diaphragm: Absence of 
abdominal aortic pulsation and presence of the 
propulsion pulse in the femoral arteries sug- 
gests an atresia of the distal aorta. When the 


coarctation occurs below the diaphragm, it is 
usually located at or below the renal arteries. 


VISUALIZATION OF THE COARCTATION 


Routine clinical methods are inadequate for 
the accurate localization of the level of aortic 
obstruction. Although, in the great majority of 
cases, the coarctation may be assumed to lie 
at or near the ductus arteriosus, the occasional 
occurrence of the constriction at other sites 
makes imperative accurate localization of the 
obstruction. In at least one instance, two areas 
of coarctation have been present in the same 
patient.® 

Visualization of the constriction may be 
facilitated by means of angiocardiography or, 
preferably, by aortography. Occasionally, the 
coarcted area is visible in the left oblique posi- 
tion against a barium-filled esophagus. In 
addition to providing information concerning 
the degree of coarctation and the level at 
which the obstruction has occurred, accurate 
visualization of the constriction provides in- 
formation concerning the length of the stenotic 
area and permits estimation of the distance 
between the orifice of the left subclavian artery 
and the site of the constriction; important 
factors in determining the feasibility of surgical 
correction. 


FINDINGS IN THE ESTABLISHED Cases (118) 
OF COARCTATION 


Coarctation as sole defect: Surgical Correction 
Performed: Sixty-two patients, 46 males and 
16 females, with coarctation uncomplicated by 
other defects and all evidencing classic symp- 
toms of coarctation were operated upon with- 
out incident. The youngest in the group was 
two and one-half years old, the eldest, 49. 

Coarctation complicated by other defects: 
Patients who survived operation. Eighteen pa- 
tients survived operation for surgical correc- 
tion of the coarctation in spite of complicating 
factors. In nine of these patients, the com- 
plicating condition was a patent ductus 
arteriosus. Descriptions of pathology found 
at operation may be found in table 1. 

Exploration without surgical correction: Ex- 
ploration was performed but no surgical cor- 
rection was attempted in seven cases. In two 
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TaBLE 1.—Coarctation Complicated by Other 
Defects: Findings in Patients Who Survived Oper- 


Findings 
Patent ductus arteriosus. ... Serbehenee nl 
Subacute bacterial endocarditis; bicuspid 
MMR Gee) aa hes oie : SO Wie Gael 
Right subclavian artery distal to left sub-| 
clavian artery (hemiplegia)...... 
Right subclavian artery with long coarcted| 
|, 
Left subclavian arte 


Cerebral aneurysms....................... 
Proximal aneurysm 

Long coarcted segment (2 inches).......... 
Long coarcted segment; patent ductus 


ductus arteriosus............. 
Absent transverse arch; patent ductus 
arteriosus..... 





Total 





instances the coarctation was of the infantile 
type and was associated with a patent ductus 
arteriosus; in two, the coarcted segment was 
deemed too long for removal. In one patient 
aneurysms were found both proximal and 
distal to the coarcted area; in another, an 
aneurysm was discovered distal to the co- 
arctation. One patient showed evidence of 
aortic and pulmonary hypertension of unde- 
termined origin. 

Operation contraindicated: Three patients 
were denied operation by the clinician be- 
cause of excessive atherosclerosis in the aorta. 
Their ages were 39, 41 and 42, respectively. 

Deaths: Twenty-eight of the 118 patients 
included in this investigation died. Six died 
soon after birth; an additional eight were 
under three months of age at the time of death. 
Seven patients, all over 12 months of age, 
died before an operation could be performed. 

Three patients died during surgery.’ Four 
patients died postoperatively. An analysis of 
the findings at necropsy may be found in 
table 2. 


DISCUSSION 


As a general rule, each patient demonstrating 
classic signs of coarctation of the aorta should 
undergo resection of the coarcted area. How- 


TaBLE 2.—Deaths Occurring Among 118 Patients 


With Coarctation of the Aorta 








Classifi- 
cation 


Newborn 


Findings 


All cyanotic with infantile} 
type coarctation—plus .. 
Interventricular septal de- 


Interatrial septal defect .... 
Patent ductus arteriosus. . . 
Auriculoventricular com-! 


Inci- 
dence 





Under 
three 
months 


| Adult type coarctation;| 





| Adult type coarctation; 


| Adult type coarctation;| 


Preoper- 
ative 
Deaths | 


Adult type coarctation; en- 
docardial sclerosis. ...... 


Infantile type coarctation;) 
interventricular septal de- 
Rs vesccsnen tas. 

Adult type coarctation; 
transposed vessels; aortic! 
stenosis....... 


patent ductus arteriosus; 
interventricular septal de-| 


patent ductus arteriosus; 
interatrial septal defect. .| 
Adult type  coarctation;| 
patent ductus arteriosus . | 


bicuspid aortic stenosed| 
valves; patent ductus 
arteriosus................| 
(Patients over 12 months of| 
age who died before oper-| 
ation could be performed| 
—all with adult type| 
coarctation) Additional] 
pathology: 
Bicuspid aortic valves; 
MEMES A cok Sy aeae.s 
Cerebral aneurysm 
Pneumonia 
Bicuspid aortic valves;| 
stenosis; mitral stenosis 
with failure (patient was] 
43 yrs. old) 








Deaths 
during 
Sur- 
gery 


| (All adult type coarctation) 
Additional pathology: 





Undiagnosed subaortic ste- 
nosis with standstill 
Mitral stenosis; acute fail- 


Calcified bicuspid aortic 





stenosis; acute failure. ... 





-_ - as 26 oo oh ae 
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TABLE 2.—Deaths Occurring Among 118 Patients 
With Coarctation of the Aorta (Continued) 








Cla sifi- 


Inci- | No. of 
cation 


Findings dence | Cases 





ost- 4 
oper- 
ative 
Death 
Thrombosis of aorta 
Hemorrhage from site of 
anestomowis. ..........5. 
Coronary sclerosis; infare- 


| Interventricular septal de-| 
fect; failure 











Total deaths 28 





ever, the presence of additional pathology may 
influence outcome of the operation. A defect 
commonly associated with coarctation is a 
patent ductus arteriosus which, in the presence 
of severe coarctation, is in effect a compensa- 
tory mechanism similar to the enlarged inter- 
costal arteries that make up collateral circula- 
tion. A machinery murmur, especially if 
accompanied by a systolic thrill, audible in 
the second or third intercostal space beneath 
the clavicle and to the left of the cardiac 
border, will betray the presence of a patent 
ductus arteriosus. Confirmatory evidence in- 
cludes elevation and dilation of the main and 
left pulmonary arteries. 

A thrill over the aortic area accompanied by 
a loud murmur (suggestive of associated aortic 
stenosis) or a diastolic murmur at the apex of 
the heart (indicating mitral stenosis) may 
escape notice: surgery of the coarctation in 
the presence of either of these conditions 
usually has a fatal outcome. Diastolic mur- 
murs over the base of the heart should suggest 
the presence of an associated insufficient bi- 
cuspid valve (aortic regurgitation). 

If electrocardiographic tracings show right 
axis deviation, the coarctation is probably 
associated with lesions such as aneurysm of 
the pulmonary artery, patent ductus arteriosus, 
insufficiency of the pulmonary valve, or rheu- 
matic valvular disease with atrial fibrillation. 
Serious conduction disturbances may con- 
traindicate surgery. There is a case on record, 


for example, of complete heart block with 
Adams-Stokes syndrome, occurring in an 
adult with bicuspid calcareous aortic valves.® 

Congenital aneurysm of the cerebral vessels 
is frequently associated with coarctation of 
the aorta; therefore, the head should always 
be auscultated carefully. 

Bacterial endocarditis and aortitis are fre- 
quently found in association with congenital 
bicuspid arotic valves, a frequent complication 
of coarctation. If the coarctation has been 
severe, considerable vascular damage may 
have occurred; or, in the older patient, vascular 
changes incident to arteriosclerosis may con- 
traindicate surgery. 


CONCLUSION 


Because the presence of associated abnor- 
malities influences the outcome of surgical 
correction of the coarctation, intelligent pre- 
surgical planning must include the search for 
such defects. It has been the purpose of this 
paper to emphasize the frequent occurrence of 
such abnormalities, and to review those defects 
which most frequently accompany coarctation. 
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BLOOD COAGULATION 
Owen, C. A. and Cooper, T.: Parahemophilia. 

Arch. Int. Med. 95: 194 (Feb.), 1955. 

A father and his three children were found to 
have a defect in the mechanism for coagulation of 
blood known as parahemophilia or Owren’s disease. 
This is characterized by a deficiency of the labile 
factor. Only in the father was the deficiency severe 
enough to cause bleeding. In agreement with pub- 
lished reports, both sexes in this family were in- 
volved and the inheritance was direct from one 
generation to the next, perhaps as the result of an 
incompletely dominant gene. Studies of 10 other 
relatives revealed no further instances of the dis- 
ease. 

The place of the labile factor and its closely re- 
lated stable counterpart in the coagulation of blood 
is discussed. A deficiency of either factor is re- 
flected in prolonged “prothrombin times” as deter- 
mined by the Quick test, a situation unlike that in 
hemophilia, with its normal “prothrombin time.” 
Treatment for the bleeding of parahemophilia con- 
sists of transfusions of fresh blood or plasma which, 
because of its freshness, is rich in labile factor. 

BERNSTEIN 


Horvath, S. M., Hamilton, L., Spurr, G., Allbaugh, 
E. and Hutt, B.: Plasma Expanders and Bleeding 
Times. J. Appl. Physiol. 7: 614 (May), 1955. 
Prolonged bleeding times have been reported as 

a complication in the use of dextran as a plasma 

expander. This difficulty may interfere with the 

clinical use of dextran. No decrease in prothrombin 
activity or the number of platelets has been found. 

This report attempts to evaluate the possibility 

that this hemostatic defect is caused by the pres- 


ence of macromolecules in the circulation or the 
increase in plasma volume. 

A constant amount of various plasma expanders 
was given each day for five consecutive days. Each 
morning before the infusion blood and plasma 
volumes were determined by means of I"! serum 
albumin and Wintrobe tube hematocrits. Bleeding 
times were measured in the ear and on the ab- 
dominal walls of rabbits and dogs. The various 
plasma expanders which are macromolecules did 
not consistently alter the hemostatic defect. These 
observations suggest that the presence in the cir- 
culation of macromolecules or the increase in plasma 
volume did not cause the hemostatic defect. 

WECHSLER 


Gubbay, E. R. and Pash, E.: Intramuscular Aque- 
ous Heparin. Canad. M. A. J. 69: 105 (Aug.), 
1953. 

Sixteen cases were treated with concentrated 
aqueous heparin, 6,250 international units injected 
intramuscularly every four hours. The method is 
simple and proved free of complications in our 
series. As judged by the effect on the clotting time 
good results were obtained in 10 cases and poor 
results in six cases. Four cases of myocardial in- 
farction, clinically in a state of shock, had poor 
results. 

These results do not suggest an increase of the 
intramuscular heparin dosage in serious cases of 
myocardial infarction. Such a procedure carries the 
risk of massive delayed absorption. In the absence 
of factors interfering with absorption, the routine 
use of concentrated aqueous intramuscular heparin 
at four-hour intervals may prove satisfactory. 

BERNSTEIN 
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CONGENITAL ANOMALIES 


‘odi-Pallares, D. and Marsico, F.: The Importance 
of Electrocardiographic Patterns in Congenital 
Heart Disease. Am. Heart J. 49: 202 (Feb.), 
1955. 

Electrocardiographic criteria, used by the au- 
hors to recognize some of the congenital heart dis- 
ases, are discussed. The effects of atrial and ven- 
ricle septal defects on the atrial and ventricular 
omplexes and on atrioventricular conduction are 
ointed out. The electrocardiographic alterations in 
yatent ductus arteriosus, pure pulmonary stenosis, 
rilogy of Fallot, tetralogy of Fallot and Ebstein’s 
Jisease are considered. 

RINZLER 


Wood, P., Magidson, O. and Wilson, P. A. O.: 
Ventricular Septal Defect with a Note on Acy- 
anotic Fallot’s Tetralogy. Brit. Heart J. 16: 387 
Oct., 1954. 

Ventricular septal defect occurred in 12.5 per 
cent of 750 cases of congenital heart disease. Of 
these, 8 per cent (60 cases) were isolated ventricular 
septal defects. 

In analyzing the clinical characteristics of these 
60 cases, the majority were found below the age of 
15, although instances were seen in each decade up 
to the seventh. The sex ratio was equal. 

Clinical manifestations are determined by the 
severity of the lesion. In severe lesions, growth is 
restricted and the pulse is small, in all but mild 
cases, a hyperdynamic left ventricular impulse is 
present. The second heart sound is usually split 
and a loud murmur and systolic thrill is almost 
always present. A functional mitral diastolic mur- 
mur is audible in 90 per cent of severe cases. 

Radiology characteristically showed pulmonary 
plethora, dilatation of the pulmonary artery, a 
small aorta, enlargement of both ventricles and, at 
times, of the left atrium. 

The electrocardiogram confirmed the physiologic 
situation. It was normal in mild cases but indicated 
enlargement of both ventricles, usually, if the lesion 
was severe, even in cases with right bundle branch 
block. 

Differences in oxygen saturation between the 
pulmonary artery and right atrial samples aver- 
aged 7.5 in the mild, 13.5 in the moderate and 28 
per cent in the severe cases. Pulmonary blood flow 
was also increased in the mild to 1.4, in the mod- 
erate to 2.3 and in the severe to 4 times the sys- 
temic flow. In eight severe cases with a high 
pulmonary vascular resistance, the pulmonary blood 
flow was only twice the systemic flow. Wood believes 
that a high pulmonary vascular resistance may be 
determined at birth. 

Two instances of ventricular septal defect with 
aortic incompetence are described. Eleven instances 


of ventricular septal defect with pulmonary stenosis 
were present in 750 cases of congenital heart disease. 
The more important lesion is recognized clinically 
and the less obvious one by cardiac catheterization. 

Ventricular septal defects of small degree are dif- 
ferentiated from: (1) mild pulmonary stenosis with 
normal aortic root which shows post-stenotic dilata- 
tion of the pulmonary artery, a widely split second 
sound and higher position of the murmur, (2) mild 
infundibular stenosis, (3) mild aortic and subaortic 
stenosis, (4) so-called innocent left parasternal 
murmur may all require cardiac catheterization for 
diagnosis and (5) acyanotic Fallot’s tetralogy which 
shows right ventricular hypertrophy, a single second 
sound and is associated with effort intolerance. 

Ventricular septal defects of large degree must be 
differentiated from: (1) mitral incompetence with 
anticlockwise rotation of the heart which shows P 
mitral, pure left ventricular dominance and enlarge- 
ment of the left atrium, and (2) atrial septal defect 
which shows pure right atrial and ventricular enlarge- 
ment. However in this lesion, as well as in patent 
ductus arteriosus, as the pulmonary vascular re- 
sistance rises, differentiation may be impossible 
without catheterization. 

No individual died during this five-year period of 
observation. Subacute bacterial endocarditis was 
recognized only once. The incidence of ventricular 
septal defect was equally divided between mild, 
moderate and severe cases. 

SOLOFF 


Anderson, R. C.: Causative Factors Underlying 
Congenital Heart Malformations. Pediatrics 14: 
143 (Aug.), 1954. ; 

A study was made of 205 cases of patent ductus 
arteriosus in which the diagnosis had been confirmed 
at surgery. Detailed family information was obtained 
in 117 cases, of which 105 were “uncomplicated” 
cases, four had a history of maternal Rubella, and 
eight had an additional cardiac defect but a negative 
history for maternal Rubella. In the “uncompli- 
cated” group, there were 145 later-born siblings, two 
of whom had patent ductus arteriosus. 

No cases of cousin marriage were reported in the 
parents of the 111 cases for whom this information 
was available. Patent ductus arteriosus occurred in 
five sets of twins, all discordant with respect to the 
defect, and including two definitely uniovular pairs, 
two probably uniovular pairs, and one probably 
binovular pair. No evidence was found of a birth 
order effect for patent ductus arteriosus cases, but a 
definite seasonal incidence was noted for cases 
associated with maternal Rubella or having ad- 
ditional cardiac defects. 

It was concluded that there is a definite familial 
tendency to the occurrence of patent ductus 
arteriosus. The risk figure for the recurrence of 
congenital heart defects in later-born siblings is of 
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the order of one in 50. It was suggested that patent 
ductus arteriosus is not an entity of single etiology, 
but that it depends on various prenatal as well as 
possible natal factors. 

BERNSTEIN 


Shephard, R. J.: Pulmonary Arterial Pressure in 
Acyanotic Congenital Heart Disease. Brit. Heart 
J. 16: 361 (Oct.), 1954. 

The pressure/flow relationships of 24 instances of 
patent ductus arteriosus are compared to those of 17 
with atrial septal defects and 14 with ventricular 
septal defects. 

The pulmonary artery systolic pressure is normal 
or just above normal in those with patent ductus, 
high in those with atrial septal defects and ap- 
proaches the left ventricular pressure in those with 
ventricular septal defects. Diastolic pressure is in- 
creased in all, with the pulse pressure widened in 
the last two. A small pressure gradient across the 
pulmonary valve is present in all three, but the 
pressure change is gradual. 

Hypertension cannot be explained by the esti- 
mated size of the shunt or pulmonary blood flow. 
Hypertension is determined by the ventricular 
septal defect. In atrial septal defect, age may be the 
determining factor. 

Pulmonary artery resistance also appears to 
increase with age and is associated with arterial un- 
saturation. 

SoOLOFF 


CORONARY ARTERY DISEASE 


Lyons, B. H. and Lyons, R.: Coronary Artery Disease 
in Pregnancy. Canad. M. A. J. 71: 267 (Sept.), 
1954. 

Coronary disease in pregnancy is a rare event. 
Fourteen acceptable cases have been found in the 
literature and a further case is reported of a patient 
with coronary disease who successfully carried 
through a pregnancy. 

Of the 15 reported patients, 13 survived. The two 
patients who developed infarction in the third 
trimester died. It is suggested that it is at this period 
that infarction is likely to be fatal. 

While available information on which to base 
opinions is scanty, it is suggested that pregnancy be 
avoided in the presence of coronary disease. If the 
patient is already pregnant and there are no other 
contraindications, it may be justifiable to try to 
carry the patient along with great care and vigilance. 

BERNSTEIN 


BACTERIAL ENDOCARDITIS 


Antel, J. J.. Rome, H. P., Geraci, J. E. and Sayre, 
G. P.: Toxic-Organic Psychosis as a Presenting 
Feature in Bacterial Endocarditis. Proc. Staff 
Meet., Mayo Clinic 30: 45 (Feb.), 1955. 

The condition of a patient with subacute bacterial 
endocarditis is described. A toxic-organic psychosis 


(acute brain syndrome) was the initial presentin; 
feature. Necropsy disclosed syphilitic aortitis and 
aortic valvular bacterial endocarditis. The conten 
of the psychologic reaction is described and a skete! 
of the relevant premorbid personality outlined. Th 
relationship between these is discussed briefly ii 
terms of an attempt by an organism to maintaii 
psychologic homeostasis in the face of stress. 
SIMON 


Roantree, R. J. and Rantz, L. A.: Fatal Staphylo 
coccal Endocarditis Treated with Erythromycin 
Arch. Int. Med. 95: 320 (Feb.), 1955. 

Because the staphylococcus has the ability t 
develop resistance when exposed to currently usec 
antibiotics, the treatment of staphylococcal disease 
and particularly of endocarditis, is most difficult. 
The reported case well illustrates the emergence of a 
strain resistant to erythromycin. In vitro studies 
help to clarify the problem and show that resistant 
variants may appear from the great majority of 
staphylococcal strains. 

The case described here is of interest from several 
other viewpoints. The causative organism was a 
coagulase-negative staphylococcus albus. Infection 
was discovered following mitral valvotomy, a fairly 
rare occurrence, despite the theoretic probability of 
such an event. The immediate cause of death seemed 
to be the occlusion of the mitral orifice by a large 
vegetation. 

BERNSTEIN 


CONGESTIVE HEART FAILURE 
Greiner, T., Gold, H., Palumbo, F., Warshaw, L., 

McGowan, T., Weaver, J. and Otto, H.: Bioassay 

of the Diuretic Potency of Xanthines and the 

Organic Mercurials in Patients With Congestive 

Failure. J. Pharmacol. & Exper. Therap. 113: 

140 (Feb.), 1955. 

Xanthine materials are more often included as 
diuretic agents than any other substance. However, 
their place in relation to other agents is unknown. 
This paper presents a method for bioassay of 
diuretic agents in ambulant patients with con- 
gestive failure. The method was applied in order to 
compare the potency of aminophylline with Mercu- 
hydrin, to determine the degree to which the 
diuretic action of Mercuhydrin may be increased by 
aminophylline, to compare the diuretic action of 
aminophylline by intramuscular and oral administra- 
tion and to compare the therapeutic value of oral 
theophylline in the form of ethylenediamine with 
that of the calcium salt. 

The subjects are ambulant adults (39 to 79 years) 
with congestive failure due to all types of heart 
disease. Their salt intake is moderately restricted. 
The diuretic effect is measured by the body weight 
loss 24 hours after the dose. Mercuhydrin is used as 
the standard and this drug, plus the test material, is 
given at random at each clinic. The results supply 
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data for dosage response curves, which are checked 
by conventional statistical methods. 

In terms of mM, intramuscular Mercuhydrin is 
about 10 times as potent as intramuscular aminoph- 
ylline. One-half Gm. of aminophylline and only 
0.6 ml. of Mercuhydrin produced the same diuretic 
effect. Therefore, the usual 2 ec. dose of Mercuhydrin 
is more effective than the usual 0.5 Gm. dose of 
aminophylline. Oral aminophylline (0.4 Gm.) is less 
effective than the intramuscular aminophylline, 
producing an equivalent diuretic response to 0.4 
ml. of Mercuhydrin intramuscularly. Larger oral 
doses of aminophylline (0.8 Gm.) produced dis- 
turbing gastrointestinal symptoms in 70 per cent of 
patients. Oral calcium theophyllinate and aminoph- 
ylline give the same diuretic response on the basis 
of millimols or weight. However, oral aminophylline 
produces fewer gastrointestinal symptoms. Intra- 
muscular aminophylline enhanced the diuretic 
effect of Mercuhydrin by 50 per cent. This effect is 
additive or less and is less than that due to am- 
monium chloride, which causes an effect with 
Mercuhydrin in excess of simple summation. 

It is their experience that aminophylline may 
enhance a subeffective diuretic regime but the 
intensification of the regime with the mercurial 
diuretic alone accomplishes the same result. There 
is no proof for the assumption that the xanthines 
will restore diuretic response in patients refractory 
to the organic materials. 

WECHSLER 


Rubin, A. L., Thompson, H. G., Jr., Braveman, W. S. 
and Luckey, E. H.: The Management of Refrac- 
tory Edema in Heart Failure. Ann. Int. Med. 42: 
358 (Feb.), 1955. 

In this study, in nine episodes of refractory edema 
due to congestive heart failure, restoration of re- 
sponsiveness to mercurial diuretics was accomplished 
by the production of a hyperchloremic acidosis. 
Diamox, or a combination of Diamox and am- 
monium chloride, was used to produce this hyper- 
chloremic acidosis. No untoward effects of either 
the hyperchloremia or acidosis were observed in this 
study. In the patients who are unresponsive to 
mercurial diuretics, Diamox is ineffective as a 
diuretic agent. However, a moderate hyperchloremic 
acidosis is produced by Diamox irrespective of 
diuretic response. When Diamox and Mercuhydrin 
are administered on the same day, optimal diuretic 
response does not occur. Maximal diuresis with 
Mercuhydrin occurred the second day after Diamox 
was discontinued. : 

WENDKOS 


Barger, A. C., Ross, R. S. and Price, H. L.: Reduced 
Sodium Excretion in Dogs With Mild Valvular 
Lesions of the Heart, and in Dogs With Con- 
gestive Failure. Am. J. Physiol. 180: 249 (Feb.), 
1955. 


Right sided congestive failure was produced by 
combined tricuspid insufficiency and pulmonary 
stenosis. In these animals there was a marked 
reduction in sodium excretion but the ability to 
excrete water was only moderately lower than 
control values. If atrial pressure was elevated 10 to 
14 cm. H,O by tricuspid insufficiency, a moderate 
reduction in sodium excretion was observed with 
normal water excretion. However, pulmonary in- 
sufficiency which failed to elevate right atrial 
pressure produced a small but statistically sig- 
nificant decrease in sodium excretion. On the other 
hand, reduction of the diameter of the pulmonary 
artery by one half which elevated right atrial pres- 
sure 2 to 4 cm. H.O produced no change in sodium 
excretion. In normal dogs, exercise increases the 
eight hour sodium excretion. However, this is not 
true in animals with tricuspid insufficiency. It is em- 
phasized that changes in the peak sodium excretion 
may take place earlier than usually suspected. 

OPPENHEIMER 


White, T. J., Leevy, C. M., Brusca, A. M. and 
Gnassi, A. M.: The Liver in Congestive Heart 
Failure. Am. Heart J. 49: 250 (Feb.), 1955. 
Biochemical liver function tests and needle 

biopsies of the liver were performed on 75 patients 

with congestive heart failure and correlated with 
clinical features. A composite of clinical, biochemical, 
and histologic study was helpful in patients with 
hepatomegaly or fluid accumulation resistant to 
treatment. Serial biopsy studies demonstrated two 
mechanisms leading to liver fibrosis in heart failure: 

(a) passive congestion led to central necrosis and 

centrilobular fibrosis and (b) poor nutrition caused 

fatty liver and eventually diffuse fibrosis. Survival 
periods were related to the severity of hepatic 
changes in patients with fibrosis or necrosis and to 
the type of heart disease and the degree of heart 
failure in the others. Icterus, hypoalbuminemia and 
diffuse fibrosis were often accompanied by fluid 
retention refractory to therapy. The prognosis in 
these cases was poor. 

RINZLER 


Dubilier, W., Taylor, T. L. and Steinberg, L.: 
Aortic Sinus Aneurysm Associated with Coarcta- 
tion of the Aorta. Am. J. Roentgenol. 73: 10 
(Jan.), 1955. 

In a series of 58 angiocardiographic studies for 
coarctation of the aorta, three cases of localized 
aneurysmal dilatation of the aortic sinus were dis- 
covered. All had hypertension in the upper ex- 
tremities (in the one with a blood pressure of 196/13 
no clinical data for aortic regurgitation was offered). 

The possibility of rupture of the aorta at this site 
is discussed, since it is said to occur as a cause of 
death in 22 per cent of patients with coarctation, 
exceeding the 12 per cent dying of cerebral hemor- 
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rhage, and second only to the 30 per cent dying of 
heart failure. 


SCHWEDEL 


Sigler, L. H.: The Role of Hypertension in the 
Etiology and Prognosis of Coronary Occlusion. 
Ann. Int. Med. 42: 369 (Feb.), 1955. 

An analysis was made of 1160 cases of coronary 
occlusion to determine whether hypertension affects 
the incidence and prognosis of the disease. The series 
consisted of 946 males and 214 females. Of these, 
797 were still alive and 363 were dead at the time 
this report was compiled. Each patient had had 
many blood pressure determinations over the years 
of observation, both before and after the onset of 
coronary occlusion. The cases were divided into 
four blood pressure groups, as follows: group I, 
systolic up to 140, diastolic up to 90; group II, 
systolic 141 to 160, diastolic 91 to 100; group III, 
systolic 161 to 200, diastolic 101 to 110 and group 
IV, systolic above 200, diastolic above 110. In the 
last group there were some cases with blood pressures 
as high as 300 systolic and 170 diastolic. Each blood 
pressure group was subdivided: (1) by the decade 
of life in males and females when the first attack of 
coronary occlusion occurred; (2) the average lon- 
gevity following the first attack of coronary occlusion 
and (3) the length of survival of more than one, five, 
and 10 years, following the first attack of coronary 
occlusion. The ratio of males to females who had 
coronary occlusion was 4.4:1, whereas hypertension 
was about twice as frequent in females as in males. 
In males, coronary occlusion begins to appear earlier 
in life and its incidence progressively rises, reaching 
a fastigium between 50 and 59 years. The same is 
true of females but here the fastigium is reached 
between 60 and 69 years. The incidence of hyper- 
tension likewise increases with age, but such an 
increase does not correspond strictly to the increase 
in coronary occlusion. Relatively more males than 
females in the over-all age groups who had the first 
attack of coronary occlusion belonged to the lower 
blood pressure groups. Up to 50 years of age, how- 
ever, even females had a relative predominance of 
cases in the lower blood pressure groups. Of the 363 
patients who died, the few who died before 40 years 
of age were all in the normotensive group, except 
for one who died from uremia who was markedly 
hypertensive. After that age, there was a progressive 
increase in deaths following coronary occlusion with 
advancing age, but such increase did not correspond 
to the increase in blood pressure. A greater per- 
centage of males than females lived more than one, 
five and 10 years following occlusion. However, a 
greater percentage of hypertensive than normo- 
tensive females survived these periods. The figures 
do not appear to indicate that hypertension has any 
definite causal and prognostic relationship to 
coronary occlusion. The discrepancies in the figures 
are considered to be due to differences in the number 


of male and female patients in this series who had 
coronary occlusion and to the relatively greater 
percentage of female hypertensives. 

WENDKOS 


Katz, A. M., Katz, L. N. and Williams, F. L.: 
Regulation of Coronary Flow. Am. J. Physiol. 
180: 392 (Feb.), 1955. 

Effective perfusion pressure is defined as aortic 
minus coronary venous pressure. This entity is 
directly related to coronary flow. Cardiac output 
does not directly determine coronary flow, since the 
flow may be unchanged if aortic pressure is held 
constant while output increases. Nevertheless, at 
blood pressures near the upper limit of normal, 
increasing the output does increase coronary flow 
even though pressure is maintained constant. 
Oxygen use of the heart and coronary vascular 
resistance were not closely related. Where correla- 
tions existed, they were best between coronary 
venous oxygen content and coronary resistance. 
Many factors affecting coronary flow do not act 
directly. Their action is complex. 

OPPENHEIMER 


Michaelides, G. and Papadopoulos, A.: The Prog- 
nosis of Ischemic Necrosis of the Myocardium. 
Arch. mal. coeur 48: 190 (Feb.), 1955. 

Five hundred cases of recent myocardial infarction 
were followed up over a period of five years. In 400 
treated without anticoagulants, the immediate 
mortality (within the first four weeks) was 14 per 
cent. In 100 cases submitted to treatment with 
anticoagulants, there was no instance of thrombo- 
embolism and the mortality was 8.5 per cent. The 
evaluation of longterm prognosis was based on the 
sapacity of the patient to resume his work and to 
lead a normal life. Three groups could be dis- 
tinguished: 37 per cent of the material showed full 
recovery and 70 per cent of these patients were 
alive after seven years. Fifty per cent recovered to 
limited working capacity. The remaining 13 per 
cent were unable to resume work and none of this 
group survived longer than two years. 

Pick 


Nesvadba, P.: Cardiac Rupture following Myo- 
cardial Infarction. Cardiologia 26: 103 (Fasc.2), 
1955. 

Following a review of the literature, the author 
reports on 44 of his own observations on cardiac 
ruptures subsequent to myocardial infarction. 
Among 5,235 autopsies performed in a large general 
hospital over a period of five years, recent myocardial 
infarction constituted the cause of death in seven 
per cent, in 12 per cent of the latter it was associated 
with cardiac rupture. In 66 per cent of the material, 
this took place on the third or fourth day after 
coronary occlusion. In 64 per cent, the rupture 
occurred in the supra-apical region of the anterior 
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wall, in seven per cent in the right ventricle but only 
in infarcts involving the ventricular septum. The 
longest survival time in the present series was two 
days. In half of the cases terminated by cardiac 
rupture, the blood pressure was elevated. Other 
factors involved in this complication appear to be 
physical activity, the use of anticoagulants and the 
condition of the myocardium at the time of the 
coronary occlusion, in particular, recurrent myo- 
cardial infarction. The clinical signs of developed 
rupture are described. An electrocardiographic sign, 
which may herald impending rupture, is persistent 
or recurrent ST-T alterations characteristic for the 
recent stage of infarction. 
Pick 


Jacobson, E.: Principles Underlying Coronary Heart 
Disease. Considerations for a Working Hy- 
pothesis. Cardiologia 26: 83 (Fasc.2), 1955. 
Patients with angina pectoris and coronary heart 

disease are usually tense personalities with over- 

activity of their adaptive behavior. The somatic 
consequences of such a condition can be determined 
by recording action potentials of skeletal muscles 
and on the basis of spastic contraction in various 
portions of the gastrointestinal tract at X-ray 
examination. Such excessive neuromuscular activity 
and hyperkinesis leads to arteriolar constriction and 

‘ardiac work and is often manifested in form of 

arterial hypertension. 

The author believes that coronary heart disease, 
as a rule, results from habitual overdrive of the 
human organism with or without concomitant 
emotion. Early stages would be marked by vaso- 
constriction with cardiac hypoxia and angina 
pectoris, accompanied in most instances with 
alimentary spasticity and, in about half the cases, 
by incipient hypertension. With continued wear and 
tear in many aging individuals, particularly males, 
coronary heart disease develops from a stage of in- 
sufficient distensibility of the vessels to dystrophy 
of the arterial wall and thickening of the intima. 
Unless requirements are reduced for coronary blood 
supply, hemorrhage may occur into the sclerotic 
intima of the vessels or a thrombus may form. Thus, 
upon undiminished drive of the organism, final 
stages are reached marked by arterial occlusion 
and/or anoxia of the myocardium leading to in- 
farction with heart failure, in part or in total. It 
would appear on this basis, that relaxation of the 
skeletal muscles is an important prophylactic and 
therapeutic factor in coronary disease. The recording 
and measurement of action potentials of extremity 
muscles may be valuable in this regard. 

Pick 


Keys, A.: Obesity and Degenerative Heart Disease. 
Am. J. Pub. Health 44: 864 (July), 1954. 
Overweight per se, except when it is of extreme 

degree, is not a primary cause of coronary disease 


and the myocardial disorder to which it gives rise. 
There is some evidence, however, that excess weight 
may contribute to the development of hypertensive 
heart disease. Dieting to lose weight is highly 
desirable in true obesity, but a mere reduction in 
general food consumption is not likely to accomplish 
reduction of our heart disease mortality to the level 
prevailing in countries with the most favorable 
records in this regard. 

Large-scale, long-range studies bringing physio- 
logic principles to bear in research on population 
samples are essential if preventive measures against 
heart disease and other metabolic ailments are to be 
discovered and brought into application. Campaigns 
against overweight are of benefit but cannot be a 
substitute for research or for a knowledge of physio- 
logic hygiene which we do not yet have. 

BERNSTEIN 


Chieffo, H. and Casciano, A. D.: Combined Anterior 
and Posterior Myocardial Infarction. Arch. Int. 
Med. 95: 834 (June), 1955. 

An electrocardiographic study of three interesting 
sases of combined anterior and posterior myocardial 
infarction is presented. The well-known tendency 
toward neutralization or dominance of the electric 
effects of a recent infarct over those of an old infarct 
is demonstrated. It is also shown that this neutrali- 
zation effect is often incomplete and that the 
diagnosis of a double infarction in opposite walls can 
be suspected in many instances by careful analysis 
of even a single electrocardiogram. Serial tracings 
naturally increase diagnostic accuracy in such 
problems. An interesting pattern of double acute 
infarction involving both the anterior and posterior 
surfaces of the heart is also discussed. A review of 
the literature shows that an acute or recent antero- 
posterior infarction is fairly common and has an 
incidence of approximately 10 per cent. A new 
concept is offered to explain the occurrence of such a 
lesion either as a single, large confluent infarct or 
as two distinct lesions. 

BERNSTEIN 


ELECTROCARDIOGRAPHY, VECTOR- 
CARDIOGRAPHY, AND BALLISTO- 
CARDIOGRAPHY 


Pescador, L., Martin de Prades, B. and Sainz, V.: 
Alternating Ballistic Pulse. Cardiologia 26: 121 
(Fase. 2), 1955. 

Thirteen cases are presented with alternation in 
the ballistocardiogram recorded in patients with a 
variety of cardiovascular diseases. In most, the 
alternation involved the J wave, in one only, the H 
wave. In three cases alternation in the size of all 
components occurred in consecutive groups of three 
beats. In no instance was _ballistocardiographic 
alternation associated with a pulsus alternans in the 
systemic circulation. On the other hand, three cases 
with pulsus alternans showed no alternation in the 
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ballistocardiogram. It must be assumed that on this 
basis the ballistocardiographic phenomenon is a 
reflection of alternation in the pulmonary circulation 
and may be the only test to demonstrate right 
ventricular failure. The authors consider a By, 
deficiency as a primary etiologic factor in these cases. 
Pick 


Siecke, R.: The Influence of the P-R Interval upon 
the Amplitude of the First Heart Sound, particu- 
larly in Complete A-V Block. Ztschr. Kreis- 
laufforsch. 44: 109 (Feb.), 1955. 

The authors studied the relation of the amplitude 
of the first heart sound to the length of the respective 
P-R interval in phonocardiograms of 10 patients 
with complete A-V dissociation and in three cases 
with A-V nodal escapes. With a very short P-R, to 
about 0.05 second, the oscillations of the first sound 
are small, to become large when P-R duration 
approaches 0.10 second. Beyond this value there is a 
very marked drop in amplitude. It remains constant 
up to 0.20 second, but further decreases to minimal 
values up to a P-R of about 0.70 second. With P-R 
longer than that, there is another increment of 
oscillations comparable to those at the very short 
P-R. Absolute measurements of the amplitude of the 
oscillations revealed great variations apparently 
dependent on the age of the patient, being larger in 
children than in older people. With equal P-R 
intervals, the duration of the preceding diastole has 
no influence on the loudness of the first heart sound. 

The variations in the intensity of the first heart 
sound are dependent on both, the dynamics of the 
ventricles and the position of the A-V valves at the 
onset of ventricular contraction. Although the latter 
factor is important, alterations in the temporal 
sequence of the various phases of ventricular con- 
traction must also be taken into consideration. The 
diagnostic significance of a loud or muffled first 
heart sound in estimating the A-V conduction time 
at the bedside is discussed. 

Pick 
é 

Friese, G.: Clinical Observations Concerning 
Reduction of Voltage in the Electrocardiogram 
during Dilatation of the Heart. Arch. Kreis- 
laufforsch. 44: 99 (Feb.), 1955. 
Electrocardiograms are shown of five selected 

cases with congestive heart failure of different 

etiology, exemplifying decrease of voltage in limb 
and precordial leads at the time of heart failure and 
return to original amplitude following compensation. 

Correlation with the size of the heart shadow at the 

different stages revealed an inverse relationship. An 

enlargement of the heart size was associated with 
reduction of the amplitude in the electrocardiogram 
and vice versa. The authors ascribe the alterations 
of the size of the cardiac silhouette to varying grades 
of dilatation of the heart chambers and the altera- 
tions in the manifest potential differences to 


associated short circuits, effected in the electric 
field by the increase of intracardiac blood volume. 
Pick 


Marsico, F., Penaloza, D., Tranchesi, J., Limon, R., 
and Sodi-Pallares, D.: The Electrocardiogram in 
Ventricular Septal Defect: Scalar and Vectorial 
Analysis of Thirty-Two Cases. Am. Heart J. 
49: 188 (Feb.), 1955. 

Thirty-two cases with ventricular septal defect, 
diagnosed by cardiac catheterization, were studied. 
In all cases the 12 usual leads were recorded by a 
Sanborn photographic apparatus. In an effort to 
investigate the course of the ventricular activation 
process, a special study was made with multiple 
and simultaneous thoracic leads in six cases, using 
the Sanborn Polyviso four-channel electrocardio- 
graph for direct simultaneous recording. The 
electrocardiograms were studied from the scalar and 
vectorial viewpoints. 

In summary, the electrocardiographic signs of 
ventricular septal defect are: (1) Right ventricular 
hypertrophy with systolic overloading of the right 
ventricle: (a) tall R wave in V,; and V2; (b) QRS 
complex of the rR, Rs, R, and qR type. (2) Left 
ventricular hypertrophy with or without diastolic 
overloading of the left ventricle in V; and V¢: 
(a) tall or normal R wave when a small deflection 
was expected due to the accentuated right ventricu- 
lar hypertrophy; (b) deep Q wave; (c) delayed 
intrinsicoid deflection; (d) positive T wave; (e) 
frequent complexes of QRS type with a positive T 
wave. (3) Suggestive data of septal hypertrophy: 
deep Q wave in V; and V¢, which is inscribed simul- 
taneously with the first positivity of a complex of 
the rR type in V;. (4) Large diphasic complexes in 
V2, V3 V4 and on occasion in the limb leads. 

RINZLER 


Schrire, V. and Vogelpoel, L.: The Clinical and 
Electrocardiographic Differentiation of Supra- 
ventricular and Ventricular Tachycardias with 
Regular Rhythm. Am. Heart J. 49: 162 (Feb.), 
1955. 

A clinical and electrocardiographic evaluation of 
79 cases of paroxysmal tachycardia with regular 
rhythm was made. 

Internal jugular venous pulsations were carefully 
inspected while palpating the opposite common 
carotid artery. Though it was usually impossible to 
identify the individual venous waves at these rapid 
rates, gross dissociation between atrial and ventricu- 
lar rates could usually be detected. Special effort 
was made to identify the presence or absence of 
“Cannon A” waves and when present, their regu- 
larity or irregularity was noted. During auscultation, 
attention was concentrated on the first and second 
heart sounds at the mitral area, the fourth left space 
at the sternal edge and the pulmonary area. The 
presence or absence of any variation in the intensity 
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of the first heart sound during held respiration was 
noted. Particular care was paid to the presence or 
-bsence of splitting of the heart sounds and to the 
legree of splitting when present. Splitting of the 
irst heart sound. was best heard at the fourth left 
space and of the second heart sound at the pul- 
monary area. The Sanborn-Stethocardiette was used 
to obtain phonocardiograms in each case. Logarith- 
mic (high frequency) sound tracings, which give an 
accurate graphic representation of human hearing, 
were recorded synchronously with a suitable electro- 
cardiographic lead, carotid or jugular pulse tracing. 
The sound recordings were taken in succession from 
the mitral area, fourth left space and pulmonary 
artery. Tracings were usually recorded at normal 
electrocardiographic speed (25 mm. per second), but 
to permit more accurate study, recordings were al- 
ways made at fast paper speed (75 mm. per second). 
The carotid and jugular tracings were obtained by 
placing a crystal microphone directly on the neck, 
thus avoiding delay from air conduction. 

In a case of rapid regular tachycardia, if the first 
and second sounds are single or normally split, the 
diagnosis of supraventricular tachycardia can be 
made with confidence and ventricular tachycardia 
can be excluded with confidence. In a case of rapid 
regular tachycardia, if there is wide splitting of both 
sounds, ventricular tachycardia is usually present. 
In a case of rapid regular tachycardia, if there is 
wide splitting of both sounds, variation in the 
intensity of the first sound and independent, ir- 
regular “Cannon A” waves in the jugular venous 
pulse, the diagnosis of ventricular tachycardia can 
usually be made with confidence. Supraventricular 
tachycardia with bundle branch block, ventricular 
tachycardia with atrial fibrillation and ventricular 
tachycardia with retrograde conduction are all rare 
conditions in which ventricular asynchrony occurs 
without atrioventricular dissociation. Wide splitting 
of both heart sounds, without variation in the 
intensity of the first sound, is therefore encountered. 
Differentiation is difficult, but can be made by 
careful study. In the case of rapid regular tachy- 
cardia, if the electrocardiogram reveals a QRS 
interval of normal duration, the diagnosis of supra- 
ventricular tachycardia is established. Atrial 
activity can usually be demonstrated by standard 
electrocardiograms and esophageal leads are rarely 
necessary. In a case of rapid regular tachycardia, if 
the electrocardiogram reveals a widened QRS, 
supraventricular tachycardia with bundle branch 
block cannot be differentiated from ventricular 
tachycardia, unless atrial activity is demonstrated. 
Whereas clinical evidence of atrial activity can be 
readily detected, the diagnosis cannot usually be 
made by the conventional electrocardiogram, as the 
P waves are often obscured by the widened QRS-T 
complexes. The esophageal leads, however, will 
clearly demonstrate P waves and thus overcome 
this problem. The esophageal lead is essential in the 


differentiation of supraventricular tachycardia with 
bundle branch block, ventricular tachycardia with 
independent atrial activity, ventricular tachycardia 
with retrograde conduction and ventricular tachy- 
cardia with atrial fibrillation. 

RINZLER 


Scherf, D., Blumenfeld, S., Golbey, M., Ladopoulos, 
C. and Roth, F.: Experimental Studies on 
Arrhythmias Caused by Focal Cooling of the 
Heart. Am. Heart J. 49: 218 (Feb.), 1955. 
Investigations were performed on dogs and cats 

to study the effect of cooling on fibrillation of the 

atria and to determine the influence of the ventricu- 
lar rate on the appearance of ventricular fibrillation. 

In addition, the effect of preventive measures such 

as pretreatment with atropine or quinidine was 

explored. 

Focal cooling of the right atrium over a period of 
20 minutes during sinus rhythm caused atrial 
fibrillation only once in 10 experiments. Cooling of 
the right atrium during atrial fibrillation caused by 
topical application of aconitine on the left atrium 
stopped the fibrillation five times in nine experi- 
ments. Cessation of the cooling led to the immediate 
reappearance of the fibrillation. Focal cooling of the 
ventricle frequently caused A-V block and intra- 
ventricular block in the cat, but rarely caused these 
effects in the dog. The appearance of A-V block 
during focal cooling of the ventricles prevented high 
ventricular rates and therefore prevented the de- 
velopment of ventricular fibrillation. Focal cooling 
provoked ventricular but not atrial extrasystoles. 
Not infrequently, extrasystoles could be elicited by 
cooling the right ventricle but not by cooling the 
left. Extrasystoles in groups, multiple extrasystoles 
and ventricular tachycardias were more common in 
the atropinized dog; this was due to the delay in 
onset of ventricular fibrillation following the use of 
this drug. Ventricular fibrillation appeared in one 
experiment three seconds after discontinuation of 
the cooling. The experiments clearly showed that 
ventricular fibrillation appeared more readily with 
higher rates. Its appearance was delayed or pre- 
vented after administration of atropine and par- 
ticularly quinidine, but with ventricular rates of 300 
and above, focal cooling always elicited it. After 
atropine and quinidine the duration of the pre- 
fibrillatory state was prolonged. 

RINZLER 


ENDOCRINE EFFECTS ON 
CIRCULATION 


Frank, H. A., Jacob, S., Weizel, H. A. E., Reiner, 
L., Cohen, R. and Fine, J.: Effects of ACTH and 
Cortisone in Experimental Hemorrhagic Shock. 
Am. J. Physiol. 180: 282 (Feb.), 1955. 
Irreversible hemorrhagic shock was produced in 

dogs. In this experimental situation, cortisone or 

corticotropin (ACTH) did not improve blood flow or 
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increase survival time. Although there was a brief 
increase in blood pressure after ACTH, this is 
probably due to its Pitressin content. Adrenal 
cortical total lipoid or carbonyl-containing lipoid 
was not depleted in the agonal period of irreversible 
shock. Under these circumstances, changes in 
cholesterol lipoid were inconstant. ACTH during 
shock did not increase adrenal cortical lipoid 
depletion. However, both cortisone and ACTH did 
increase histologic damage in the adrenal cortices of 
dogs who were in a state of irreversible hemorrhagic 
shock. 

OPPENHEIMER 


Nickel, J. F.. Smythe, C. McC., Papper, E. M., and 
Biadley, S. E.: A Study of the Mode of Action of 
the Adrenal Medullary Hormones on Sodium, 
Potassium and Water Excretion in Man. J. Clin. 
Invest. 33: 1687 (Dec.), 1954. 

The mechanism of the renal function response to 
l-epinephrine and J/-norepinephrine in man was 
studied by renal clearance technics. During the 
pressor action of these infused adrenal medullary 
hormones, there is a decrease in sodium and po- 
tassium excretion, as well as a tendency to lose 
water in the urine. These changes are not mediated 
through the adrenal cortex because they were found 
in three patients with either Addison’s disease or 
bilateral adrenalectomy. The output of dilute urine 
can be explained by diminished formation of anti- 
diuretic hormone. Studies with Pitressin indicate an 
independence of changes in electrolytes and water 
reabsorption by the renal tubules. 

The response does not seem to be mediated 
through neural pathways because high spinal 
anesthesia did not block the activity of the hor- 
mones. Furthermore, the pressor action was not 
essential because l-epinephrine produced the typical 
renal changes in doses too small to evoke a pressor 
response, and other pressor agents (e.g. angiotonin, 
ephedrine) did not show similar electrolytic changes. 

The data suggest that a reduction of blood flow 
to the tubules affects sodium reabsorptive activity, 
and that intrarenal vasoconstriction appears to 
affect potassium retention. 

WaAIFE 


Sturtevant, F. M. and Hassen, N.: Increased 
Sensitivity to Salt in Rats Pretreated with 
Desoxycorticosterone. Am. J. M. Sc. 229: 188 
(Feb.), 1955. 

Rats, receiving desoxycorticosterone acetate 
(DCA) and saline, developed hypertension within a 
few days. Upon withdrawal of the hormone and 
saline drinking fluid, normotension was _ restored 
promptly. However, readministration of the isotonic 
saline resulted in the reappearance of hypertension 
in the DCA-treated animals. It is suggested that 
experimental hypertension induced by DCA is an 
accelerated form of the disease produced by high salt 
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intake alone. The elevation of blood pressure is « 
consequence of some more fundamental disturbance: 
in the regulation of electrolyte distribution an 
excretion. 


SHUMAN 


Heidorn, G. H., Schemm, F. R., and Layne, J. A.: 
The Varied Patterns of Water and Sodiun 
Diuresis during Corticotropin (ACTH) Therapy o 
the Nephrotic Syndrome. Am. J. M. Sc. 229: 18 
(Feb.), 1955. 

Seven patients with nephrotic syndrome wer 
treated with corticotropin (ACTH) during whici 
balance studies for sodium and potassium wer 
performed. Estimated weight changes were calcu 
lated from sodium balances and compared to actua 
weight in order to estimate the proportionate wate: 
to salt diuresis or retention for a given period. Varied 
patterns of water and sodium balances were observed 
in these patients. The loss of edema fluid was 
greatest, usually beginning 24 hours after ACTH 
was stopped. In most instances, sodium was lost in 
excess of water. However, proportionate loss of water 
and sodium or an excess of water over sodium loss 
was also observed in the post-ACTH period. Weight 
gain, when observed during the course of treatment, 
was due more to water retention than to sodium 
retention. The responsiveness of nephrotic or cardiac 
patients to mercurial diuretics can be regained after 
or during a course of ACTH administration. The 
qualitative response of the tubules to mercurial 
diuretics is altered by ACTH in that a water diuresis 
occurred early in the treatment period, while a salt 
diuresis in excess of water occurred later in the 
course of hormonal therapy. 


SHUMAN 


Hawthorne, E. W., Brownlee, G. V., and Pogue, 
W. G.: Arterial Pressure Changes in Experi- 
mental Renal Hypertensive Dogs Following 
Production of Femoral Arteriovenous Fistula. 
Am. J. Physiol. 180: 65 (Jan.), 1955. 

Renal hypertension was produced in dogs by 
either mild constriction of the left renal artery or by 
controlled constriction of the abdominal aorta. If a 
femoral arteriovenous fistula is produced in one of 
these animals, blood pressure returns to control 
levels. At this time there is no increase in pulse 
pressure. The suggestion is made that an increase in 
intrarenal volume pulsations may account for the 
hypotensive effect of the fistula. 


OPPENHEIMER 


Friedman, S. M., Nakashima, M. and Friedman, 
C. L.: Specificity of Depressor Effect of Pitressin. 
Am. J. Physiol. 180: 57 (Jan.), 1955. 

In rats made hypertensive with desoxycorti- 
costerone acetate, a delayed depressor response to 
subcutaneous Pitressin begins about five hours 
after administration. A single large dose will also 
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licit this response. Pitocin has no such action. 
Pituitrin in daily doses produces an observed 
lepression in the base line of blood pressure, 
though no depressor response is detected. The 
lepressor action is specific for Pitressin. 
OPPENHEIMER 


Sturkie, P. D. and Ringer, R. K.: Effects of Sup- 
pression of Pituitary Gonadotrophins on Blood 
Pressure in the Fowl. Am. J. Physiol. 180: 53 
(Jan.), 1955. 

In chickens, blood pressure of the adult male is 
20 per cent higher than that of females. However, 
the castrated male has a pressure which is the same 
as normal males. The sexual development and out- 
put of pituitary gonadatrophins is depressed by 
diethylstilbesterol and 2-amino, 5-nitrothiazole in 
normal and castrated males as well as in females. 
These materials depress blood pressure in normal 
males and capons but not in females. Pregnant mare 
serum increased blood pressure in normal and 
castrate males (pressure previously depressed with 
diethylstilbesterol) but was without any effect on 
blood pressure in females. The authors suggest that 
differences in pituitary gonadotrophin utilization 
account for the spread in the level of blood pressure 
of normal males and females rather than differences 
in production of them. 

OPPENHEIMER 


Goodyer, A. V. N. and Jaeger, C. A.: Renal Response 
to. Non-Shocking Hemorrhage-R le of the 
Autonomic Nervous System and of the Renal 
Circulation. Am. J. Physiol. 180: 69 (Jan.), 1955. 
Water as well as sodium and chloride excretion 

was reduced by limited, nonshocking hemorrhage. 

These changes were not prevented by hexa- 

methonium or unilateral renal denervation. Blood 

pressure did not fall. Mean changes of filtered sodium 
and those of renal plasma flow were not significant. 

If shed blood was retransfused, renal excretory 

functions were returned to control values. This is 

true, despite autonomic blockade, renal denervation, 

constant arterial blood pressure and insignificant 

changes in filtered sodium and renal plasma flow. 
OPPENHEIMER 


Salgoado, E. and Selye, H.: Hormonal Factors in 
the Production of Experimental Renal and 
Cardiovascular Disease. J. Lab. & Clin. Med. 45: 
237 (Feb.), 1955. 

Previous studies demonstrated that the ad- 
ministration of large doses of methylandrostenediol 
(MAD) to rats produced a syndrome consisting of 
nephrosclerosis, myocarditis, periarteritis nodosa, 
hypertension and polyuria, very similar to the one 
produced by mineralocorticoids such as desoxy- 
corticosterone acetate (DCA). This effect of 
methylandrostenediol is presumably mediated 
through the adrenals, since previous experiments 


have shown that it cannot be obtained after 
adrenalectomy. 

The present experiments show that procedures 
which enhance the cardiovascular toxicity of 
mineralo-corticoids, such as unilateral nephrectomy 
and a high sodium intake or simultaneous treatment 
with somatotrophic hormone (STH), also enhance 
the corresponding toxic effects of methylandro- 
stenediol. These same procedures also augment the 
ability of methylandrostenediol to induce the 
accumulation within the adrenocortical cells of 
periodic acid-Schiff positive granules. None of these 
procedures exert a significant effect upon such a 
rather typical sexual action of methylandrostenediol 
as the stimulation of the preputial glands. 

CorTELL 


Conn, J. W.: Primary Aldosteronism. J. Lab. & 

Clin. Med. 45: 661 (April), 1955. 

The author had previously described a new 
clinical syndrome designated as primary aldo- 
steronism and characterized by the presence in the 
urine of excessive amounts of a sodium-retaining 
corticoid (aldosterone), by severe hypokalemia, 
hypernatremia, alkalosis and a renal tubular defect 
in the reabsorption of water. The clinical picture 
consisted of intermittent tetany, paresthesias, 
periodic severe muscular weakness and ‘“‘paralyses,”’ 
polyuria and polydipsia, hypertension and no edema. 
There was a relative lack of important symptoma- 
tology at extremely low levels of serum potassium, 
and no other demonstrable evidence of increased 
activity of the adrenal cortices. (Conn, J. W.: 
J. Lab. & Clin. Med. 45: 6 (Jan.), 1955.) 

The present report gives the postoperative results 
in a patient with the above syndrome in whom an 
adrenal tumor was removed from the right side 
along with the right adrenal gland. Postoperatively, 
the patient showed a reversal of all the chemical 
deviations which characterized the syndrome. There 
was a marked sodium diuresis and potassium 
retention with return of serum sodium and potassium 
values to normal. Blood pressure became normal. 
Polyuria and polydipsia disappeared, although renal 
concentrating ability returned only slowly. Bio- 
assays for urinary sodium-retaining corticoid were 
normal postoperatively. The patient became entirely 
asymptomatic. 

Analyses of muscle biopsies, removed at operation 
showed a great excess of intracellular sodium and 
marked decrease in intracellular potassium. Bioassay 
of the tumor removed showed large amounts of 
sodium-retaining corticoid compared to normal 
adrenal tissue. 

CorTELL 


HYPERTENSION 


D’Alonzo, C. A., Fleming, A. J. and Gehrmann, 
G. H.: Role of Heredity in the Problem of Hyper- 
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tension in Industrial Workers. J. A. M. A. 157: 

631 (Feb. 19), 1955. 

In this study, 799 DuPont Company employees, 
40 years of age and over, were selected at random. 
They were given complete physical examinations 
each year. Progressive or constant changes in blood 
pressure with eyeground and electrocardiographic 
correlation were available, in many instances dating 
back from five to 25 years. All these employees were 
available for additional study and questioning and 
supplied “good” family histories. These histories 
proved important. Where the parents, particularly 
the mother, were known to have a cardiovascular 
disease, the prevalence of high blood pressure was 
greater than in employees whose parents did not 
have a cardiovascular disease. The findings suggest 
that a knowledge of family history might prove of 
value in such matters as job placement, in relation 
to the present or future physical capacity of em- 
ployees and in the followup modification and possible 
prevention of this important disease. Susceptible 
employees should be spotted before the onset of 
hypertension and attempts should be made to 
modify or prevent the processes, thought to be 
contributing factors. 

KiIrcHELL 


Rothman, S.: Mechanisms Responsible for the 
Elevated Blood Pressure in the Cerebral Hyper- 
tensive Rabbit. Am. J. Physiol. 180: 61 (Jan.), 
1955. 

Cerebral hypertension was produced in rabbits by 
bilateral ligation of the internal and external 
carotids. Evidence from these experiments supports 
the theory that hypertension in the cerebral hyper- 
tensive rabbit depends on an increased sympathetic 
activity with an increased production of nor- 
epinephrine. 

OPPENHEIMER 


Hughes, W. M., Dennis, E. and Moyer, J. H.: 
Treatment of Hypertension with Oral Reserpine 
Alone and in Combination with Hydralyzine or 
Hexamethonium. Am. J. M. Sc. 229: 121 (Feb.), 
1955. 

The blood pressure responses of 67 patients, 
treated with oral reserpine alone, revealed that 43 
per cent were improved by this agent, with 12 per 
cent becoming normotensive. Six patients were 
maintained on this drug alone for a year or more 
with no evidence of tolerance being manifested. 
Reserpine was used in combination with hydralazine 
in 15 patients, 14 of whom were resistant to reserpine 
alone. Of this group 87 per cent showed a significant 
drop in blood pressure, with 33 per cent becoming 
normotensive. The usual side effects of Apresoline 
were not prominent when this drug was added to 
the reserpine program. This observation suggested 
that the undesirable effects of hydralazine can be 
prevented by reserpine. The combination of hexa- 
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methonium and reserpine was employed in 32 
patients, 27 of whom had been treated unsuccessfully 
with the latter agent alone. The combined therapy 
was effective in 84 per cent, with 47 per cent of the 
group becoming normotensive. The dosage require- 
ments and side effects of hexamethonium wer 
reduced when combined with reserpine; in addition 
the blood pressure response was more stable. 
Constipation occurred frequently but was controlled 
easily with laxatives. Observations on renal hemo- 
dynamics indicated that there was a tendency to a 
reduction in glomerular filtration rate and a variable 
effect on renal blood flow was noted. This indicates 
that the improvement in clinical status was probably 
attributable to improved renal function but may 
be a direct result of blood pressure reduction. 
SHUMAN 


Imber, I. and Clymer, R. H., Jr.: Obstruction of the 
Renal Artery Producing Malignant Hypertension. 
New England J. Med. 252: 301 (Feb. 24), 1955. 
Preoperative studies in a 34 year-old man disclosed 

hypertension of less than one year’s duration, hyper- 

tensive retinopathy, persistent albuminuria, eleva- 
tion of the blood urea nitrogen and a urine of low 

specific gravity. Abdominal aortography disclosed a 

vascular abnormality of the right renal artery. 

Although impaired, the right kidney did have some 

function. A nephrectomy was performed and the 

right renal artery was found to be distorted and 
constricted by a fibrous band. The right kidney was 
found to be morphologically normal and there was 
no intrinsic disease of the renal artery. Operation was 
followed by return of renal function to normal, 
clearing of all symptoms and a slow recovery of 
concentrating power; this sequence together with 
the preoperative elevation of nitrogen is said to be 
suggestive of tubular impairment. Thus the diminu- 
tion of function in the contralateral, normal kidney 
proved reversible. The short duration of the pre- 
existing hypertension is considered a major factor in 
the excellent response to removal of the offending 
kidney. This case is considered to provide additional 
evidence that a diminished blood flow in a major 
renal artery may cause hypertension and impairment 
of total renal function. 

RosENBAUM 


PATHOLOGIC PHYSIOLOGY 


White, A. G., Entmacher, P. S., Rubin, G. and 
Leiter, L.: Physiological and Pharmacological 
Regulation of Human Salivary Electrolyte Con- 
centrations; with a Discussion of Electrolyte 
Concentration of Some Other Exocrine Secretions. 
J. Clin. Invest. 34: 246 (Feb.), 1955. 

The electrolytes of saliva were studied in 73 
normal subjects under standardized conditions. 
Daily injections of desoxycorticosterone acetate in 
oil led to a decrease in chloride and an increase in 
potassium concentration. Pilocarpine, given sub- 
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evtaneously, increased sodium and _ decreased 
potassium concentration. Administration of a 
mercurial diuretic produced no statistically sig- 
n ficant changes in salivary electrolytes. 

From their detailed studies the authors conclude 
t}. at reabsorption of sodium and chloride by rodded 
eithelium in excretory ducts leads to hypotonicity 
0 these electrolytes in saliva. The potassium level 
i saliva is higher than that of serum, probably 
Lecause of active secretion of potassium by the 
g and. 

WAIFE 


lourman, P. and Hervey, G. R.: An Experimental 

Study of Oedema in Potassium Deficiency. 

Clin. Se. 41: 75 (Feb.), 1955. 

A 28 year-old subject was depleted of potassium 
vy means of a deficient diet and supplements of an 
«ummoniated resin. While taking the resin he lost 
? Kg. in weight. Associated with the potassium 
depletion were the usual signs: anorexia, weakness, 
depression of T waves and appearance of U waves in 
the electrocardiogram. After the resin was stopped 
ind 256 mEq. of sodium and chloride were added to 
his diet he gained 4 Kg. and showed edema of the 
eyes and later the ankles. The depletion period 
produced a net loss of 470 mEq. of potassium while 
only 2 Kg. of weight was lost. It was calculated 
that after six days of sodium chloride, the volume of 
blood and extracellular fluids had expanded by about 
15 and 18 parts per 100 respectively. The expansion 
of the latter accounted for the weight gain. The 
mechanism underlying the retention of sodium is 
not known, but a probable cause may be the libera- 
tion of an aldosterone-like steroid from the adrenals. 

ENSELBERG 


Oliver, M. F. and Boyd, G. S.: Plasma Lipid and 
Serum Lipoprotein Patterns During Pregnancy 
and Puerperium. Clin. Sc. 14: 15 (Feb.), 1955. 
Circulating lipids were studied at fortnightly 

intervals from the ninth week to term in a group of 

12 normal primigravidae aged 18 to 31. Blood 

samples were also drawn during labor and in the 

puerperium. These studies clearly demonstrated a 

rise in plasma total cholesterol as well as ester and 

free cholesterol. This rise reached a peak between 
the thirty-first and thirty-third weeks when the 
levels increased 50 per cent above the starting values. 

In addition, the plasma phospholipids and the 

plasma total! cholesterol phospholipid ratio increased 

both about 25 per cent in the same time. The 
distribution of cholesterol between the serum @ and 

8 lipoproteins rose very significantly. 

These changes bear a striking similarity to the 
pattern associated with overt coronary sclerosis. 
The authors discuss the intricate hormonal and 
metabolic influences which may be responsible for 
these changes and indicate the need for further 
study. One implication of the findings is that 


frequent episodes of this “coronary pattern,” as it 
occurs in multiple pregnancies, might be harmful to 
the arterial intima. : 


ENSELBERG 


Barger, A. C., Wilson, G. M., Price, H. L., Ross, 
R. S., Brooks, L. and Boling, E. A.: Relationship 
Between Exchangeable Sodium and Rate of 
Sodium Excretion in Dogs With Experimental 
Valvular Lesions of the Heart. Am. J. Physiol. 
180: 387 (Feb.), 1955. 

Although either tricuspid or pulmonary insuf- 
ficiency reduce the rate of sodium excretion, a slight 
rise or no alteration is observed in the amount of 
exchangeable sodium in the body. These small 
changes in body sodium and rate of excretion of 
sodium load were unrelated. Combined tricuspid 
insufficiency and pulmonary stenosis caused a 
marked reduction in sodium excretion and ascites 
developed. Body sodium and sodium excretion was 
unaffected by pulmonary stenosis and sham surgery 
on myocardium and pericardium. It is apparent 
that there were no changes in the ability to excrete 
a sodium load even though there were little or no 
changes in total body sodium. The injected sodium 
was not diluted by an increased pool of body sodium 
and hence this could not explain the reduced sodium 
excretion rate. 

OPPENHEIMER 


Oard, H. C. and Walker, G.I., Jr.: Clinical Manage- 
ment of the Anuric Patient. Am. J. Med. 18: 199 
(Feb.), 1955. 

Urging minimal intervention in the treatment of 
patients with acute reversible anuria and oliguria, 
the authors present four cases of acute and severe 
oliguria resulting from carbon tetrachloride intoxica- 
tion, incompatible transfusion and shock, associated 
with postpartum hemorrhage. Each patient re- 
covered under treatment during the oliguric phase 
which consisted of a minimal intake of 20 per cent 
lactose solution; this was administered orally in a 
total daily intake of about 500 cc. to provide 
restricted fluid and palatable carbohydrate without 
protein. The patient’s thirst determined the daily 
intake of fluid. No attempt was made to replace or 
alter electrolytes during the period of oliguria. The 
patients progressed to diuresis in 9, 10, 12 and 16 
days respectively. Subsequent studies disclosed 
apparent recovery of the renal lesions. The extremely 
low fluid intake maintained adequate hydration as 
evidenced by clinical evaluation and by repeated 
blood volume determinations in one patient. The 
regimen was successful under extremely variable 
environmental conditions. 

HARRIS 


Parrish, A. E., Rubenstein, N. H. and Howe, J. S.: 
Acute Renal Insufficiency Associated with 
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Respiratory Infections. Am. J. Med. 18: 237 
(Feb.), 1955. 

The authors present three cases with uremia due 
to acute renal insufficiency associated with acute 
pulmonary infections. Renal biopsies showed marked 
tubular damage which was reversible and glomerular 
damage which improved but did not entirely 
disappear. The etiology of these changes is obscure 
but appears related to a combination of alcoholism, 
pulmonary infection and dehydration. 

Harris 


Lyons, H. A., Zuhdi, M. N. and Kydd, D. M.: 
The Effects of Carbonic Anhydrase Inhibitor on 
Arterial Blood Gases in Chronic Pulmonary 
Emphysema: A Preliminary Report. Am. J. M. 
Se. 229: 193 (Feb.), 1955. 

Diamox was administered in doses of 250 mg. 
twice daily to nine patients with pulmonary 
emphysema during which the effects of the agent 
upon arterial blood gases was studied. The most 
significant effect was a decrease in the arterial 
partial pressure of carbon dioxide in six patients. In 
four patients, clinical improvement consisted of 
easier breathing, better appetite and loss of drowsi- 
ness. There was no correlation between the arterial 
partial pressure of carbon dioxide and of oxygen 
responses to Diamox. There was no measureable 
effect of this agent upon pulmonary hemodynamics, 
cardiac output or pulmonary ventilatory or respira- 
tory determinations. The explanation for clinical 
improvement may lie in the mobilization of storage 
reservoirs of carbon dioxide, although no measure- 
ment of total carbon dioxide exchange was employed. 

SHUMAN 


Holman, E.: The Obscure Physiology of Post- 
stenotic Dilatation: Its Relation to the Develop- 
ment of Aneurysms. J. Thoracic Surg. 28: 109 
(Aug.), 1954. 

The author investigated the forces responsible for 
poststenotic dilatation, seen clinically in the sub- 
clavian artery beyond a congenital cervical rib, in 
the aorta beyond a subaortic stenosis, in the 
pulmonary artery beyond a congenital stenosis of 
the pulmonary valve and in the descending aorta 
beyond a coarctation. 

Using an artificial circulatory system, the author 
performed experiments which support the view that 
poststenotic dilatation is the direct effect of the play 
of hydraulic forces set in motion by the stenosis, and 
that it varies in degree with the pressure and velocity 
with which fluid is ejected from the stenotic channel. 
He also found that there is a critical level of pressure 
and velocity below which poststenotic dilatation 
does not occur. Other factors which affect the change 
are the inherent resistance of the vessel wall to 
dilatation and the relationship between the elasticity 
of the wall and the pressure and velocity of flow to 
which it is subjected. 
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Once a dilatation has been initiated, the process 
is perpetuated and enhanced through the application 
of the principle that a widened lumen slows the 
stream; a slowing of the stream increases later: | 
pressure; increasing lateral pressure further dilates 
the vessel. 


ABRAMSON 


Rosin, H. and Farah, A.: Post-Stimulation Potentia. 
tion of Contractility in the Isolated Auricle of th 
Rabbit. Am. J. Physiol. 180: 75 (Jan.), 1955. 
When contractions were elicited following a perio 

of stimulation at a frequency higher than the contro 

rate of the electrically driven atria or ventricle, : 
potentiation of contraction could be demonstrated 

The authors have postulated a hypothetic po 

tentiating substance. This material is considered t« 

have been produced during stimulation. It is utilizec 

during contraction. 
OPPENHEIMER 


Kaye, M.: The Effect of a Single Oral Dose of the 
Carbonic Anhydrase Inhibitor, Acetazoleamide, in 
Renal Disease. J. Clin. Invest. 34: 277 (Feb.), 
1955. 

A single oral dose of acetazoleamide (Diamox), 
about 10 mg. per Kg., was given to four normal 
controls and 15 patients with renal disease. A 
diuresis, consisting of an increase in urine volume, 
sodium, potassium and bicarbonate, was produced in 
normals and, to a lesser extent, in patients with 
renal disease without acidosis. These changes were 
minimal or absent in acidotic subjects. 

No evidence of untoward effect was seen in urine, 
blood pressure or degree of azotemia after use of this 
drug. 

WaAIFE 


Sullivan, W. J. and Dorman, P. J.: The Renal 
Response to Chronic Respiratory Acidosis. J. Clin. 
Invest. 34: 268 (Feb.), 1955. 

When increased carbon dioxide tension exists in 
body fluids, there is an increase in base, bound to 
bicarbonate. This elevated plasma bicarbonate 
concentration is maintained by an enhanced rate of 
renal tubular reabsorption of bicarbonate. 

Data obtained from experiments on dogs reveal 
that in acute respiratory acidosis the magnitude of 
the enhanced tubular reabsorption is not sufficient 
to account for the elevated plasma levels often found 
in chronic carbon dioxide retention in man. 

It is suggested that during the first 48 hours of 
chronic respiratory acidosis some adaptation mecha- 
nism develops, probably involving hydrogen ion 
secretion, which alters the kinetics of the reactions 
concerned. This may involve the adrenal cortex. 

WAIFE 


Eskola, O., Koskelo, P. and Halonen, P. I.: In- 
creased Urinary Coproporphyrins following Acute 
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Myocardial Infarction and Pulmonary Embolism. 

Am. Heart J. 49: 258 (Feb.), 1955. 

The authors have studied the secretion of co- 
p oporphyrins in the urine in 12 cases of myocardial 
infarction, five cases of pulmonary embolism and 12 
lealthy persons. In the healthy subjects, the daily 
enount of urinary coproporphyrins was 21 to 142 
,2. During the first two or three days following 
1iyocardial infarction and pulmonary embolism an 

.crease occurred in the daily urinary coproporphyrin 

cretion, the total amount being 310 to 207 ug. per 

{ hours in the patients with infarction and 287 to 

03 wg. per 24 hours in patients with pulmonary 
mbolism. 
RINZLER 


\lbrink, M. J., Man, E. B. and Peters, J. P.: The 
Relation of Neutral Fat to Lactescence of Serum. 
J. Clin. Invest. 34: 147 (Feb.), 1955. 

A quantitative study was made of the relationship 
yetween serum neutral fat and cloudy sera. Neutral 
iat was the only lipid which was consistently 
associated with lactescence, which invariably was 
present when neutral fat exceeded 20 mEq. per liter. 

The insoluble material causing lactescence was 
composed chiefly of neutral fat, but also included 
considerable quantities of cholesterol and phospho- 
lipid. 

From these ultracentrifugal studies on solubility, 
the authors postulate that the primary defect in 
lactescence is in the removal of soluble neutral fat 
from serum. Neutral fat is probably delivered to the 
serum chiefly in the insoluble form but is early 
converted to the soluble state. A limitation exists in 
the maximum quantity of soluble neutral fat in the 
serum. If a block exists in the removal of this 
material, more and more insoluble neutral fat would 
accumulate. 

It is also possible that cholesterol and phospho- 
lipid are dissolved in the insoluble neutral fat 
particles. This might explain why the solubility of 
these substances was decreased when neutral fat 
increased. 

WAIFE 


Bellville, J. W., Artusio, J. F., Jr. and Glenn, F.: 
The Electroencephalogram in Cardiac Arrest. 
J. A. M. A. 157: 508 (Feb. 5), 1955. 

The authors present two well documented cases 
of primary cardiac arrest in patients undergoing 
mitral valvuloplasty where the electrocardiogram 
and the electroencephalogram have been monitored 
by means of continuously recording instruments. It 
appears that the electroencephalogram is a more 
sensitive indicator of hypoxia, depth of anesthesia, 
and hypercapnia than are clinical signs. 

KiTcHELL 


Russek, H. I., Zohman, B. L. and Dorset, V. J.: 
Effects of Tobacco and Whiskey on the Cardio- 


vascular System. J. A. M. A. 157: 563 (Feb. 12), 

1955. 

It is common practice for a physician to advise 
against the use of tobacco in all patients suffering 
from angina pectoris, but there is still considerable 
difference of opinion as to whether or not the use of 
tohacco is harmful to patients with coronary artery 
disease. Observations were made on 65 subjects. Of 
this number, 28 were normal, but all were habitual 
smokers. Nine of these normal subjects had sought 
medical aid because of persistent precordial dis- 
comfort; the remaining 19 were selected from a group 
of 96 healthy persons because they claimed cerebral, 
cardiac, or gastro-intestinal symptoms on smoking. 
There were 37 patients with coronary artery disease. 
Six were nonsmokers, 10 smoked occasionally and 
21 were heavy smokers. All 65 subjects made 284 
smoking tests. Each test was carried out after a 
30-minute rest period with the subject in the 
recumbent position on the ballistocardiograph table. 
The individual being tested had not smoked for at 
least two hours before the test. When blood pressure 
and pulse rate had reached steady values, a control 
electrocardiogram and_ ballistocardiogram were 
taken. A cigarette was then smoked, with the subject 
puffiing at his habitual rate and inhaling, or not, as 
was his custom. Electrocardiograms and _ballisto- 
cardiograms were made at frequent intervals after 
the completion of smoking; a careful record was kept 
of the blood pressure and heart rate during this 
period. The brands of regular cigarettes varied 
according to the taste of the smoker. Only one kind 
of “denicotinized”’ cigarette was employed and was 
purchased on the open market. 

There was a significant increase in heart rate and 
blood pressure following the smoking of a regular 
cigarette in both the normal subjects and patients 
with coronary heart disease. Sixteen of the 28 
normal patients had significant electrocardiographie 
alterations. Eighteen of the 37 patients with 
coronary disease showed deteriorations in the 
ballistic pattern following the smoking of a regular 
cigarette. Concomitant electrocardiographic altera- 
tions seen in these subjects were relatively slight. 
“Denicotinized” cigarettes showed no superiority 
over regular brands as measured _ballistocardio- 
graphically. The observed effects of glyceryl 
trinitrate and whiskey, respectively, on the ballistic 
response to smoking appear to indicate that the 
nicotine response is based primarily on peripheral 
vascular constriction and not alterations in coronary 
blood flow. Some have recommended simultaneous 
indulgence in alcohol and tobacco on the theory that 
the “coronary vasodilator” effects of the former may 
counteract the “coronary vasoconstrictor” effects of 
the latter. Unfortunately, there is as little valid 
evidence that alcohol increases coronary blood flow 
as there is that tobacco reduces it. 

KiTcHELL 
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Buff, I.: Effect of Cigarette Smoking in the Normal 
Person. J. A. M. A. 157: 569 (Feb. 12), 1955. 
There are few objective methods that attempt to 

register the effect of tobacco on the human heart. 

One of the simplest methods of study is by use of 

the ballistocardiograph. Four hundred normal 

persons were tested, (150 women and 250 men); all 
were under 40 years of age. It is significant to note 
that most persons under 40 without cardiac disease 
have normal ballistocardiograms. The patient was 
first tested at least two hours after smoking a 
cigarette, then at 5 and 10 minute intervals after 
smoking. Tracings, showing small changes, were 
considered of little consequence. Only the ballisto- 
cardiograms that were definitely and without 
question abnormal were considered abnormal. Of 
the entire 400 ballistocardiograms of normal persons, 
42 were abnormal (about 10 per cent). Persons who 
have an abnormal ballistocardiographic tracing after 
smoking should not continue to smoke. The author 
hopes to follow these cases who are sensitive to 
tobacco to determine whether or not coronary artery 
disease will develop in them in the future. 
KITCHELL 


Wood, F. J. Y.: Ammonium Chloride Acidosis. 

Clin. Se. 41: 81 (Feb.), 1955. tte pe 

A normal subject was given 8 Gm. ammonium 
chloride daily in divided doses over a continuous 
period of 44 days. Considerable acidosis developed, 
reaching its peak in five days when the blood pH fell 
to 7.33 and the plasma bicarbonate to 19.8 mEq., 
while the chloride rose to 115 mEq. per liter. The 
acidosis then subsided to a lower level (pH 7.34) 
and remained there during the whole period of 
administration of ammonium chloride. Upon cessa- 
tion of the drug the acidosis was quickly succeeded 
by alkalosis for a few days. 

The extra chloride was excreted at first with 
sodium, then with potassium; by this mechanism, 
the body’s loss of sodium reserves was limited. After 
five days, the kidney’s production of ammonia 
became sufficient to neutralize the extra chloride, 
eliminating the need for sodium and potassium for 
this purpose. Hence the plasma pH, bicarbonate and 
chloride partly returned to their normal values. This 
new equilibrium was maintained as long as am- 
monium chloride was given. When it was stopped, 
renal production of ammonia returned slowly to 
normal. During this period, because of the availa- 
bility of base, an alkalosis appeared and the re- 
mainder of the “borrowed” sodium and potassium 
returned to the body’s stores. Then ammonia pro- 
duction fell below normal. The author stresses the 
importance of the finding that the acidosis continued 
during the whole period of administration of am- 
monium chloride. 

NSELBERG 


Moses, C.: Effect of Oral Inositol Phosphatide on 
Development of Experimental Atherosclerosis, 
Geriatrics 9: 325 (July), 1954. 

The oral administration of 100 ml. of two per 
cent inositol phosphatide, three times a week, to 
male, albino rabbits, receiving a high cholester }| 
diet, failed to decrease the occurrence of aortic 
atherosclerosis or to influence the weight gai, 
cholesterol partition, cholesterol to lipid phosphoris 
ratio, urea nitrogen, total protein or hematocrit no 
animals followed-up for 4, 8 and 12 weeks. 

4‘. BERNSTEIN 


Gorlin, R.: The Mechanism of the Signs and 
Symptoms of Mitral Valve Disease. Brit. Heart. . 
16: 375 (Oct.), 1954. 

The author believes that an understanding of the 
pathologic physiology of mitral disease will lead t» 
a proper interpretation of its clinical manifestations. 
The amount of pressure necessary to force a given 
amount of blood through an orifice depends upon it 
size. As the normal mitral area of 5 cm.? decreases to 
less than 1 cm.?, a low normal rate of 150 ml. per 
second is barely tolerated. With tachycardia and 
systolic time, therefore, cardiac output is reduced 
unless the elevated left atrial pressure is further 
increased with consequent production of increased 
dyspnea or pulmonary edema. A relationship is 
therefore found between height of pulmonary 
capillary pressure and pulmonary edema and 
between degree of stenosis and severity of dyspnea. 
With time, organic changes occur in the pulmonary 
end arteries with increased pulmonary vascular 
resistance. Right ventricular pressure increases. 
When the right ventricle finally dilates, congestive 
failure appears. 

If the cardiac output is normal in pure mitral 
insufficiency, no symptoms are present. If the cardiac 
output is decreased with normal left ventricular end 
diastolic pressure, fatigue is present. If the left 
ventricular end diastolic pressure is increased, left 
heart failure simulating that observed in mitral 
stenosis is present. 

Stenosis is moderate (1.5 to 2 em.?) in combined 
mitral stenosis and insufficiency. Stenosis limits flow 
through the mitral valve and left ventricular output 
is decreased because of the leak. Fatigue is therefore 
the dominant symptom. Smouldering carditis is 
invoked to explain left ventricular failure. Again, 
in these instances, the clinical picture resembles 
that of pure advanced mitral stenosis. 

SoLorr 


Abelmann, W. H., Kowalski, H. J. and McNeely, 
W. F.: Cardiovascular Studies During Acute 
Infectious Hepatitis. Gastroenterology 27: 61 
(July), 1954. 

Cardiac output, direct arterial pressure and 

oxygen consumption were measured at rest in 10 

patients convalescing from acute infectious hepatitis 
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These observations were repeated during mild to 
noderate exercise in nine patients. At rest, some 
patients showed a relatively slow heart rate, while 
the blood pressure and blood flow were within 
rormal limits. During exercise the heart rate and the 
cardiac output increased in every instance, while 
;eripheral vascular resistance decreased. The 
1 sponse to exercise was considered entirely normal. 
BERNSTEIN 


PHARMACOLOGY 


‘innegan, T. R. L. and Trounce, J. R.: Depression 
of the Heart by Quinidine and its Treatment. 
Brit. Heart J. 16: 341 (Oct.), 1954. 

Of 115 individuals receiving quinidine, the authors 
ound one fatal reaction, two severe reactions 
haracterized by a fall in blood pressure, collapse 
ind convulsions and five minor reactions such as 
inoatrial block, prolonged P-R interval, widening 
ff the QRS complexes and ventricular premature 
eats. 

Studies in the isolated rabbit heart and the 
anesthetized rabbit indicate that harmful effects of 
quinidine are due to its depressant action on con- 
duction, myocardial contraction and _ respiration 
and at times due to the production of ventricular 
fibrillation. Adrenalin, intravenously, is the most 
effective agent in combating depression due to 
quinidine. 

It is suggested that the effects on man of quini- 
dine and its antagonist, adrenalin, are similar. 

SOLOFF 


Bronsky, D., Dubin, A. and Kushner, D. S.: Di- 
uretic Action of Benemid. Its Effect upon the 
Urinary Excretion of Sodium Chloride, Potassium 
and Water in Edematous Subjects. Am. J. Med. 
18: 259 (Feb.), 1955. 

In 13 subjects with uncomplicated congestive 
heart failure, Benemid in doses of 4 Gm. daily 
produced a significant diuretic response in most 
instances on the first or second day of drug ad- 
ministration. The mean increment of water ex- 
creted on the day of maximal response was 1,330 
cc., of sodium 91 mEq. and of chloride 76 mKq. 
per 24 hours. Water diuresis without enhancement 
of sodium or chloride excretion occurred in seven 
other subjects. Failure of diuresis to occur in the 
remaining five subjects was associated with the 
presence of hepatic disease, renal disease, hypo- 
natremia and hyponatruria. It is postulated that 
Benemid-induced diuresis is the result of decreased 
tubular reabsorption of water, sodium and chloride. 

Harris 


Kalmanson, G. M., Drenick, E. J., Binder, M. J. 
and Rosove, L.: Pentaerythritol Tetranitrate in 
the Treatment of Angina Pectoris. Arch. of Int. 
Med. 95: 819 (June), 1955. 

The effect of pentaerythritol tetranitrate on 


angina pectoris was studied in 23 patients by al- 
ternating placebo medication with the drug, using 
the “double blind” method. This study failed to 
demonstrate any beneficial effect of this drug on 
angina pectoris. 

BERNSTEIN 


Holti, G.: Measurements of the Vascular Responses 
in Skin at Various Time Intervals after Damage 
with Histamine and Ultra-Violet Radiation. 
Clin. Sc. 41: 143 (Feb.), 1955. 

Bloodflow changes were studied in skin injured 
by histamine and by ultra-violet irradiation. It was 
found that skin which has been strongly whealed 
by histamine or which has reacted intensely to 
ultra-violet radiation shows two long-lasting vascu- 
lar abnormalities: (1) an increased capacity of 
minute vessels to dilate in response to stimuli such 
as histamine or heat and a diminished capacity to 
contract in response to epinephrine or cold and (2) 
a reduction in whealing response to histamine. 

These changes persist for 3 to 8 weeks after the 
histamine injury, and for six months or longer after 
ultra-violet irradiation. These prolonged after- 
effects, following two different types of injury, are 
probably due to independent changes in permea- 
bility and in vasomotor tone. It is possible that 
some of the changes are due to the continuous 
release of a substance from damaged epidermal 
cells. 

E\NSELBERG 


DiPalma, J. R.: The Pharmacology of N-(4- 
Metholybenzl)-Isoquinolinium Chloride, WIN 
2173, With Particular Reference to its Cardiac 
Effects. J. Pharmacol. & Exper. Therap. 118: 
125 (Feb.), 1955. 

This compound, WIN 2173, has antifibrillatory 
properties but does not depress the excitability of 
the myocardium or prolong the refractory period 
as do quinidine and procaine amide. It is being 
tried clinically as a cure for human arrhythmias. 
This drug is an aromatic quaternary ammonium 
compound, which caused the following changes. In 
both animals (dogs and cats) and man, it transiently 
increased pulse rate. In animals, the blood pressure 
transiently dropped, but this parameter did not 
change in man. There were no electrocardiographic 
changes in man. The amplitude and rate of isolated 
cat atrial contraction increased. Cooling of the 
atrium to 18 to 24 C. increased this effect. The 
refractory period was increased only after very high 
doses, which are above the dose that stimulates the 
rate and amplitude of the atrium. This drug was 
shown to be more potent than quinidine in raising 
the threshold of electrically induced atrial fibrilla- 
tion in cats. In inducing arrhythmias by epinephrine 
and petrolatum ether, this drug did not protect the 
cats, as did procaine amide and curare. 

Intravenous WIN 2173, at high doses, was shown 
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to block ganglia by the cessation of contractions of 
the cats’ nictitating membrane even with stimula- 
tion of the sympathetic trunk. It was concluded 
that it is a weak ganglionic and neuromuscular 
blocking agent. 

Intravenous or intramuscular doses below 5 mg. 
per kg. of body weight were well tolerated in un- 
anesthetized humans and animals. Transient 
pupillary dilation, flushing and vertigo occurred. 

WECHSLER 


Marshall, J. M.: Action of Iodoacetic Acid, 2,4 
Dinitrophenol, and L-Triiodothyronine on the 
Electrical Response of the Myocardium. Am. J. 
Physiol. 180: 350 (Feb.), 1955. 

Data from these experiments indicate that electric 
properties of heart muscle are changed in a charac- 
teristic manner which is determined by the site in 
the metabolic chain at which the inhibitor acts. 
Iodoacetic acid produces an irreversible block of the 
glycolytic chain by inhibiting triphosphate de- 
hydrogenase. This material both aerobically and 
anaerobically decreased the refractory period, Q-T 
interval and latency, combined with marked depres- 
sion of S-T segment. Adenosine triphosphate did 
not reverse these effects. Dinitrophenol is stated to 
uncouple aerobic oxidation and production of energy 
rich phosphates. Dinitrophenol increased refractory 
period and latency but decreases Q-T. Adenosine 
triphosphate restored the refractory period briefly 
to normal but had only a minor action on the other 
properties. L-triiodothyronine, which acts in a 
metabolic manner similar to dinitrophenol, was 
observed to produce results similar to those of 
dinitrophenol in most cases although Q-T was in- 
creased and adenosine triphosphate ineffective. 

OPPENHEIMER 


Hilton, J. G.: Effects of Graded Doses of Epinephrine 
and of Nor-Epinephrine Upon the Isolated Per- 
fused Rabbit Heart. Am. J. Physiol. 180: 371 
(Feb.), 1955. 

Rabbits’ hearts perfused with Locke’s Solution 
were the test objects. In low doses, both epinephrine 
and norepinephrine increase the inotropic action. 
Differences between the two drugs were not marked. 
At higher doses, there were some cases in which the 
response to the second and higher dose was less 
than that to the immediately preceding smaller one. 
This was more marked with norepinephrine than 
with epinephrine. Effects on rate with each drug 
were similar to those on the force of contraction. 
Duration of inotropic effects were much longer in 
the case of epinephrine. 

OPPENHEIMER 


Hendley, E. D. and Schiller, A. A.: Protection 
Against Hypoxemic Edema by Histaminic and 
Adrenergic Blockade. Am. J. Physiol. 180: 378 
(Feb.), 1955. 


These experiments represent an evaluation of 
the factors of decreased vascular resistance and true 
alteration in structural integrity of capillaries as 
they pertain to increased capillary permeability 
during hypoxemia. Dibenzyline decreased vasomotor 
resistance to the same level in mild and severe 
hypoxemia of perfused rat hind limbs. In severe 
hypoxemia, the rate of edema formation was slower 
with dibenzyline than in untreated controls, even 
though capillary pressure and flow were high. 
Dibenzyline seems to prevent increased capillary 
permeability during severe hypoxemia. Neo-anter- 
yan gave similar results but was somewhat less 
effective. 

OPPENHEIMER 


Bean, J. W. and Johnson, P. C.: Epinephrine and 
Neurogenic Factors in the Pulmonary Edema 
and CNS Reactions Induced by Oxygen at High 
Pressure. Am. J. Physiol. 180: 438 (Feb.), 1955. 
Normal and adrenalectomized rats were exposed 

to oxygen at 80 lb. gage pressure. Subcutaneous 

epinephrine given before exposure increased the 
deleteriots effects of oxygen at high pressure. Neuro- 
muscular reactions, mortality and gross pulmonary 
damage, due to oxygen at high pressure, were all 
increased in both normal and adrenalectomized 
animals. Thus, adrenal cortex is not essential for 
the effect of epinephrine in augmenting the adverse 
actions of oxygen under high pressure. It is con- 
sidered that a part of the undesirable actions of 
oxygen at high pressure in intact animals is due to 
increased release of epinephrine. Oxygen at high 
pressure and epinephrine produce similar pulmonary 
damage. They may be synergistic and possibly act 
by a common mechanism. It is pointed out that 
former reports on the protective action of adrenalec- 
tomy against oxygen at high pressure were probably 
due more to the removal of medulla than of cortex. 

Sympathetic nervous components and, possibly, 

those of hypothalamic origin also play a role in 

pulmonary damage due to oxygen at high pressure. 
OPPENHEIMER 


Hall, B.: Recovery of Patient in Prolonged Shock 
After Arterenol Therapy. J.A.M.A. 157: 653, 
(Feb. 19), 1955. 

Since 1948, when /-arterenol became available, 
there have been reports of its value in the treatment 
of shock. The reported case of prolonged shock, 
following surgery to the common duct, necessitated 
intravenous therapy with arterenol over a total of 
22 days. A total of 1,452 mg. of arterenol base in 
about 115 L. of fluid was required. Full recovery 
was complicated by a large skin ulceration at the 
site of a subcutaneous extravasation of the drug. 
To date, this is the longest duration of therapy and 
the largest total dosage of l-arterenol described. 

KircHELL 
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Donegan, C. K. and Townsend, C. V.: Phenyl- 
ephrine Hydrochloride in Paroxysmal Supra- 
ventricular Tachycardia. J.A.M.A. 157: 716, (Feb. 
26), 1955. 

Phenylephrine (Neo-Synephrine) hydrochloride 
as first suggested for the treatment of paroxysmal 
ipraventricular tachycardia by Youmans and his 
roup in 1947. It has been felt that the drug was 
latively innocuous in the absence of heart disease 
ut dangerous in the presence of heart disease. The 
uthors report a case of paroxysmal supraventricular 
achycardia associated with coronary artery disease 
hat was refractory to the usual drugs used in the 
reatment of this disorder. Phenylephrine (Neo- 
synephrine) hydrochloride proved effective but also 
t produced short runs of ventricular tachycardia 
vhich support the idea that it must be regarded as 
. potentially dangerous agent and must be used 
with caution. 

KITCHELL 


Kleeman, C. R., Bass, D. E. and Quinn, M.: Effect 
of 6063, Sodium Bicarbonate and Ammonium 
Chloride on Electrolyte Composition of Thermal 
Sweat. Proc. Soc. Exper. Biol. & Med. 88: 253 
(Feb.), 1955. 

Four normal adult males were subjected to room 
temperatures maintained at 120 F. (dry bulk) 
and 93 to 95 F. (wet bulk) for one to one and one- 
half hours. During this time, sweat was collected 
from the arms and hands. The test substances were 
ingested for two days prior to the collection of 
sweat. The sweat was analyzed for ammonia, 
titratable acidity, pH, total carbon dioxide content, 
lactate, sodium, potassium and chloride. Urine 
and blood collected during the experimental period 
were similarly analyzed. In contrast to the marked 
changes in urinary composition and the pH follow- 
ing ingestion of 6063 (carbonic anhydrase inhibitor), 
ammonium chleri‘e and sodium bicarbonate, no 
consistent relatic. ship between acid-base balance of 
body fluids anc the ammonia, titratable acidity, 
pH or lactic acid of sweat was demonstrated. The 
collected sweat was a moderately acid secretion, 
low in ammonia and titratable acid and of poor 
buffering capacity. Sweat maintained these char- 
acteristics, regardless of the substance ingested or 
the alteration in acid-base balance produced, 
indicating that sweat glands have no regulatory 
role in the maintenance of hydrogen ion concentra- 
tion of body fluids. 

CorTELL 


Davison, S., Borken, N. and Wolf, M.: Elevations 
in Temperature of Joint, Muscle and Skin, 
Following Injection of Priscoline Intra-arterially. 
J. Mt. Sinai Hosp. 21: 98, (July—Aug.), 1954. 
Following the femoral intra-arterial administra- 

tion of Priscoline, simultaneous skin, muscle and 

intra-articular temperatures were determined in 


the ipsolateral knee in nine normal subjects. In 7 
of the 9, distinct skin, muscle and intra-articular 
temperature elevations were noted. In the remaining 
two subjects, the initial joint and muscle tempera- 
tures were already over 98 F. and a further increase 
was probably precluded. In three subjects, normal 
saline was initially injected intra-arterially. In no 
instance was there an alteration in temperature. 
It is suggested that vasodilating drugs such as 
Priscoline do not necessarily divert blood flow from 
deep structures to the skin. Studying the tempera- 
ture changes reported above, it is conceivable that 
the injection of a vasodilating drug intra-arterially 
produces a direct concentration in and about a 
joint and effectively increases local biood flow. 
BERNSTEIN 


Moyer, J. H., Handley, C. A., and Seibert, R. A.: 
Effect of Adrenergic Blockade on Renal Hemo- 
dynamics and Excretion of Water and Electro- 
lytes. Am. J. Physiol., 180: 146, (Jan.), 1955. 
The dihydrogenated, ergot derivative, Hydergine, 

increases sodium and water excretion. Hydralazine 

decreases sodium and water excretion. In each case, 
there is a central action which produces hemo- 
dynamic changes. Adrenergic blocking agents 

(phenoxybenzamine, phentolamine) do not change 

sodium and water excretion. Excretion rate of 

sodium and water by the kidney seems to be inde- 
pendent of chemical blockade of renal nerves. 
OPPENHEIMER 


PHYSICAL SIGNS 


Wehrmacher, W. H.: Significance of Tietze’s 
Syndrome in Differential Diagnosis of Chest 
Pain. J.A.M.A. 157: 505 (Feb. 5), 1955. 

Tietze’s syndrome, a_ painful, benign, non- 
suppurative swelling of the costochondral or the 
sternoclavicular junction, was originally described 
over 30 years ago in Germany. Foreign reports of 
over 100 cases indicate its importance in the differ- 
ential diagnosis of chest pain. The author reports 
four cases which demonstrate the occurrence of the 
syndrome in the United States. Tietze’s syndrome 
should be given routine consideration by the physi- 
cian when he is evaluating pain in the chest. It is 
important that the patient with this syndrome be 
reassured of the benign character of the disorder. 

KITCHELL 


Millikan, C. H. and Siekert, R. G.: Studies in 
Cerebrovascular Disease. I. The Syndrome of 
Intermittent Insufficiency of the Basilar Arterial 
System. Proc. Staff Meet., Mayo Clin. 30: 61 
(Feb.), 1955. 

Ten cases have been reported in which strange 
intermittent attacks were characterized by symp- 
toms which indicated transitory impairment of 
function in some portion of the pons, mesencephalon 
or occipital lobes. In three cases the clinical picture 
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of thrombosis of the basilar artery developed subse- 
quently. The latter diagnosis was confirmed at 
necropsy. It is suggested that these strange attacks 
are a result of temporarily inadequate blood flow 
through the basilar arterial system and that the 
occurrence of such episodes should be called the 
“syndrome of intermittent insufficiency of the basilar 
arterial system.’ Experience indicates that the 
attacks terminate with administration of anti- 
coagulant drugs. 
SIMON 


Richards, M. R., Merritt, K. K., Samuels, M. H., 
and Langmann, A. G.: Frequency and Significance 
of Cardiac Murmurs in the First Year of Life. 
Pediatrics 15: 169 (Feb.), 1955. 

This report, of the presence and significance of 
heart murmurs in the first year of life, is from a com- 
prehensive study the authors have completed on a 
group of 5,017 infants. Other reports, dealing with 
other features of this same group of infants, have 
been made and one is reviewed above. Statistically, 
the study is sound. In the immediate post-natal 
period a murmur was heard in 1.7 per cent of the 
infants, but on repeated examinations at 6 and 12 
months the incidence rose to seven per cent. Of the 
353 murmurs heard in full term infants, only 23 
were determined to be organic murmurs. It is the 
authors’ opinion that a murmur heard at. birth 
carries a 1:12 probability of congenital heart disease, 
heard again at six months, a 1:3 chance and if it 
persists to 12 months, the chance is 3:5 that con- 
genital heart disease is present. 

HARVEY 


Apley, J. and Perry, C. B.: A Six-Year Survey of 
the Cases Seen at a School Cardiac Clinic. 
Arch. Dis. Child. 29: 317 (Aug.), 1954. 

An analysis was made of 1,286 children referred, 
from 1943 to 1948, to a cardiac clinic for school 
children. Past or present rheumatic heart disease 
was diagnosed in 148, 103 were diagnosed as having 
congenital heart disease (95 acyanotic) and a 
“functional”? murmur was diagnosed in 303 children. 

BERNSTEIN 


Barritt, D. W.: Simple Pulmonary Stenosis. Brit. 

Heart J. 16: 381 (Oct.), 1954. 

The author reveiws simple pulmonary stenosis in 
33 cases (16 males, 17 females) to more clearly 
define the natural history of this disease. 

Nine cases occurred in the first decade, 15 in the 
second and nine in the third. While 23 had no symp- 
toms, six were genuinely breathless and three were 
handicapped. Body build was normal in all cases. 
The cardiac impulse was normal in 22. Eleven had a 
right ventricular lift in the third left interspace. 
All had a pulmonary systolic thrill. The second heart 
sound was split in 11. Poststenotic dilatation of the 
pulmonary artery was marked in 19. The electro- 
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cardiogram was divided into (1) normal, (2) incom. 
plete right bundle branch block, (3) right ventricu- 
lar dominance without widespread inversion of T 
waves and (4) with inversion of T waves. 

There was no symptomatic deterioration in most 
of these patients in the first three decades. Four o! 
10 with symptoms had progressive dyspnea. Neithe: 
increased heart size, nor electrocardiographi 
changes were seen in 28. Four of five with Grade 4 
tracings showed increasing degrees of right ventricu 
lar dominance. Subacute bacterial endocarditis 
occurred three times in two patients. 

There usually was no symptomatic, radiologic o 
sardiographic deterioration. Symptomatic deteriora- 
tion occurred in four and cardiographic, but not 
symptomatic, deterioration occurred in two. There- 
fore, at present there seems to be little indication 
for operation in those patients who show no real 
evidence of right heart stress. 

SOLOFF 


Cathcart, E. S. and Williams, I. T. D.: The Effect 
of Head-Down Position on the Excretion of Cer- 
tain Urinary Constituents. Clin. Sc. 41: 121, 
(Feb.), 1955. 

It has been postulated that there may be an intra- 
cranial receptor which plays a role in regulating 
fluid volume. Changes in water and sodium excre- 
tion are known to occur when the posture is changed 
from recumbent to upright. The authors sought to 
study the effects of the head-down position, which 
may be assumed to cause changes in renal and intra- 
cranial venous pressures opposite to those seen on 
standing. 

Seven subjects, free of renal dysfunction, were 
studied. The head-down position was achieved by 
raising the foot of the bed 12 degrees. There was 
no significant change in excretion of water, chloride, 
total mols (M) or creatinine. 

ENSELBERG 


PHYSIOLOGY 


Donald, K. W., Bishop, J. M., Cumming, G. and 
Wade, O. L.: The Effect of Exercise on the Cardiac 
Output and Circulatory Dynamics of Normal 
Subjects. Clin. Sc. 41: 37 (Feb.), 1955. 
Compared with the very great number of observa- 

tions on patients with heart disease studied by 
cardiac catheterization, there is a remarkable paucity 
of data on normal subjects. The authors therefore 
studied the cardiorespiratory response to exercise 
of 16 healthy subjects. 

The most striking finding was that the oxygen 
uptake, the A-V oxygen difference and the cardiac 
output achieved a steady state after the first minute 
of exercise in all but one subject. A minute after 
cessation of exercise, these values returned to a 
steady state close to the pre-exercise levels in all 
but four subjects who had performed the heaviest 
exercise. The ventilation remained elevated for a 
longer period. 
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There was a linear relationship between cardiac 
output and oxygen uptake over the range of exercise 
studied. Contrary to some other published reports, 
he authors found a rise in pulmonary arterial 
pressure in all subjects but one. The increases varied 
‘rom 3 to 33 mm. Hg, in the latter subject reaching 
i level of 52 mm. Hg. Pulmonary arterial pressures 
‘ell rapidly upon cessation of exercise after returning 
o the resting levels within two minutes. The pul- 
monary arterial resistance did not change signifi- 
‘antly, and the work of the right ventricle was found 
to rise roughly in proportion to the severity of 
xercise performed. 

[E.NSELBERG 


Cooper,. K E. and Kerslake, D. McK.: Changes in 
Heart Rate During Exposure of the Skin to 
Radiant Heat. Clin. Sc. 41: 125 (Feb.), 1955. 
The effects on heart rate were studied in subjects 

in whom a large area of skin was warmed by radiant 

heat. A rise in heart rate was noted within eight 
seconds after starting the heat. The oral temperature 
fell in the first ten minutes and then rose slowly. 

There was no significant blood pressure alteration. 

The increase in heart rate began a few seconds before 

peripheral vasodilatation commenced. Furthermore, 

the rise in heart rate in response to heating the legs 
was unchanged when the leg circulation was arrested. 

The authors believe that the rise in heart rate begins 

as a result of a change in the pattern of nervous im- 

pulses from the heated area. The rise in heart rate 

seems to be determined by the rise in skin tempera- 
ture. 


ISNSELBERG 


Odeblad, E.: Electromagnetic Measurement of 
the Blood Streaming Velocity in Man. Acta 
med. scandinav., 151: 95 (Feb. 23), 1955. 

The author reviews the theoretical considerations 
concerned with the application of an electromagnetic 
flowmeter to clinical practice. The major parts of 
the flowmeter are a magnet, platinum or silver 
electrodes, an amplifier and a recorder. Using this 
technic the author found the blood streaming 
velocity in the umbilical cord of the newborn infant 
to be 2.3 ml. per second per Kg. of fetal body weight 
in one case and 2.6 ml. per second per Kg. body 
weight in a second case. The blood flow in the 
radial artery of an adult was found to be 1.2 ml. 
per second when the hand was placed in cold water 
and 2.1 ml. per second when the hand was placed 
in warm water. 

RosENBAUM 


Billings, H. H. and Brown, E. B., Jr.: Effect of 
Splenectomy on Changes in Plasma and Blood 
Volume Produced by Inhalation of 30 and 
40 Per Cent CO. in Dogs. Am. J. Physiol. 180: 
363, (Feb.), 1955. 

Dogs were anesthetized with Pentothal. Under 


this anesthetic hematocrit, cell count and hemo- 
globin increased within 15 minutes on 30 per cent 
carbon dioxide. Despite the fact that this concen- 
tration of carbon dioxide in the inspired air was 
maintained for two hours, these changes persisted. 
A return to control values was not achieved 45 
minutes after the high carbon dioxide was discon- 
tinued. Plasma volume was slightly reduced and 
blood volume increased during carbon dioxide breath- 
ing. Splenectomy prevents the rise in hematocrit and 
blood volume. A loss in circulating blood volume is 
not a factor in the immediate posthypercapnic hy- 
potension in dogs. 


OPPENHEIMER 


Siebens, A. A., Smith, R. E. and Storey, C. F.: 
Effect of Hypoxia on Pulmonary Vessels in Man. 
Am. J. Physiol. 180: 428 (Feb.), 1955. 

Under normal conditions, exercise was observed 
to be associated with an increased blood oxygen 
content and flow, a small rise in pulmonary artery 
pressure but a fall in pulmonary vascular resistance. 
However, during hypoxia, when exercise was 
achieved to such a level so that no further increase 
of oxygen use or flow resulted, then there was a 
further rise in pressure and an increase in resistance. 
This indicates pulmonary vasoconstriction. 

OPPENHEIMER 


Greisheimer, E. M., Ellis, D. W., Stewart, G., 
Webber, D. L., Makarenko, L., Thompson, K. 
T., Resinski, M. G. and Frankenburg, W. K.: 
Cardiac Output by Cuvette Oximeter Under 
Cyclopropane-Oxygen and Ether Anesthesia. 
Am. J. Physiol. 180: 357 (Feb.), 1955. 

The cuvette oximeter lends itself to determina- 
tion of cardiac output under various types of anes- 
thetic agents. Anesthetized dogs were studied. 

The present report includes the results found 
under cyclopropane-oxygen anesthesia and under 
the combination of the above with ether. It presents, 
in addition, a tentative method for the determina- 
tion of the concentrations of cyclopropane and ether 
in blood, in the presence of each other. This method 
of analysis is adaptable to both experimental and 
clinical studies. 

Of 76 determinations of cardiac output by cuvette 
oximeter on 14 dogs, 37 were done under cyclopro- 
pane-oxygen anesthesia alone and 39 under combined 
cyclopropane-oxygen ether anesthesia. The concen- 
tration of cyclopropane in arterial blood was deter- 
mined in the former and the concentrations of both 
cyclopropane and ether were determined in the 
latter. 

The cardiac output increased slightly during 
cyclopropane-oxygen anesthesia alone, as reported 
previously. Although the cardiac output was slightly 
higher under combined anesthesia than under cyclo- 
propane-oxygen alone, it did not show the same 
tendency to increase as under ether alone. In other 
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words, cyclopropane may have a “steadying”’ 
effect on cardiac output, when ether is present, 
as indicated under the conditions existing in these 
experiments. Heart rate and stroke volume were 
both slightly higher under combined anesthesia 
than under cyclopropane-oxygen alone, but. still 
not as high as found under ether alone. Systolic, 
diastolic and mean blood pressures were all lower 
under combined anesthesia than under cyclopro- 
pane-oxygen alone. The peripheral resistance began 
to decrease under cyclopropane-oxygen and con- 
tinued to decrease throughout the experiment. The 
decrease under cyclopropane is in contrast to our 
previous findings. 
OPPENHEIMER 


Harris, W. H. and Sonnenblick, E. H.: A Study of 
Calcium and Magnesium in the Cerebrospinal 
Fluid. Yale J. Biol. & Med. 27: 297, (Feb.), 1955. 
Of the 15 metal ions found in central nervous 

system tissue, only four are consistently found in 
cerebrospinal fluid. These are sodium, potassium, 
magnesium and calcium. The role of the latter two 
ions in various metabolic functions of the central 
nervous system is being actively studied. Since some 
evidence implies that cerebrospinal fluid closely 
resembles the interstitial fluid bathing the cells of 
the central nervous system, determinations of the 
calcium and magnesium content in cerebrospinal 
fluid were made. 

The calcium content in normal subjects was 
found to be 4.95 + 0.11 mg. per cent and of mag- 
nesium, 3.01 + 0.06 mg. per cent. An interesting 
finding was the remarkable constancy of the Ca++: 
Mg++ ratio in normal subjects, 1.64 + 0.03. In view 
of the fact that calcium and magnesium are mu- 
tually antagonistic, and that magnesium is associ- 
ated with high metabolic activity and high energy 
production systems, it appears that the central 
nervous system requirement for these ions differs 
from other body systems and that their ratio is 
under rigid control by some highly selective mecha- 
nism. 

ENSELBERG 


McKinley, W. P.: Paper Electrophoresis of Steroid 
Derivatives. Science 121: 139 (Jan. 28), 1955. 
A technic is presented by which individual 

steroids in mixtures can be identified by paper 

electrophoresis. The hydrazones of estrogens, 
androgens and progesterone have different electric 
mobilities in a sodium borate solvent. This method 
is considered superior to partition chromatography 

because mixtures have one component present in a 

much higher concentration than others. 

WAIFE 


Miller, H. C. and Behrle, F. C.: The Effects of 
Hypoxia on the Respiration of Newborn Infants. 
Pediatrics 14: 93 (Aug.), 1954. 


The effects of administering atmospheres contain 
ing 10 and 12 per cent oxygen to healthy newborn 
infants of different ages are reported. Infants unde 
24 hours of age tended to hypoventilate throughou 
the period of hypoxia. Infants, six to 11 days old 
hyperventilated for the first 2 or 3 minutes and ther 
showed a decrease, although not as marked as ob 
served in the infants under 24 hours of age. Infants 
16 to 48 days of age, showed the most marke: 
increase in ventilation, but even in these infant: 
it was poorly maintained as compared to response: 
seen in adults. 

Hypoxia produced a slowing of the respiratory 
rate in all infants except the very oldest. Tidal aii 
was increased at first and then decreased. The 
increases in tidal air accounted for most of the 
increase in minute volume seen in the older infants 
Hypoxia increased the incidence of periodic breath. 
ing in the two older groups of infants, but had very 
little effect on infants under 24 hours of age. 

It is suggested that the relative inability to induce 
periodic breathing in infants under 24 hours of 
age, as compared to those several weeks old, is 
further evidence indicating that metabolism of the 
medullary respiratory centers is to a larger extent 
anaerobic than at the later periods of postnatal life. 

BERNSTEIN 


Handley, C. A. and Moyer, J. H.: Significance of 
the GFR/TmG Ratio. Am. J. Physiol. 180: 151 
(Jan.), 1955. 

The ratio between glomerular filtration rate and 
the tubular maximum for glucose was observed to 
remain constant, despite the fact that many pro- 
cedures and drugs which change each of them were 
used in these experiments. This was interpreted to 
mean that there have been changes in the number of 
active nephrons. In a small number of cases in 
human beings, a similar phenomenon is suggested. 

OPPENHEIMER 


Markus, G. and Feigen, G. A.: Early Disappearance 
of T-1824 From the Circulation of Rabbits. 
Am. J. Physiol. 180: 115 (Jan.), 1955. 

When T-1824 leaves the circulation in rabbits, 
the disappearance rate during the first 28 minutes 
is logarithmic. One and five mg. doses behave in a 
similar fashion. The mean ratio between the optical 
densities at 16 and 4 minutes is 0.843, standard error 
of the mean +0.004, standard deviation of the 
distribution +0.036. Extrapolation to zero revealed 
a loss of 20 per cent during the first 16 minutes. 

OPPENHEIMER 


Garb, S., Penna, M. and Scriabine, A.: Species 
Differences in the Utilization of Glucose for 
Contractile Force by Isolated Perfused Hearts. 
Am. J. Physiol. 180: 103 (Jan.), 1955. 

The test objects were isolated perfused mam- 
malian hearts. Species differences were marked when 
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he action of glucose on the force of cardiac con- 
raction was studied. In cases where the substrate 
vas depleted, the rat’s heart was observed to have a 
0 per cent increase in the force of contraction when 
slucose was added. Responses from hearts of other 
species were less. In the guinea pig, the increase was 
|2 per cent, while in the rabbit it was eight per cent, 
yut in the cat it was only four per cent. 
OPPENHEIMER 


Garb, S. and Scriabine, A.: Relationship of Tem- 
perature to the Utilization of Glucose for Con- 
tractile Force by Cat Heart Muscle. Am. J. 
Physiol. 180: 101 (Jan.), 1955. 

The contractile force of isolated cat papillary 
muscles was tested. When the glucose concentration 
was 200 mg. per cent at 37 C., there was a small 
increase in contractile foree. However, when these 
same concentrations were observed at a temperature 
10 C. lower, the effects were a much more marked 
increase in contractile force. These results emphasize 
the fact that temperature must be considered, when 
the effects of various substrates are studied for their 
action on the isolated mammalian myocardium. 

OPPENHEIMER 


DiPalma, J. R.: Latency of Isolated Cat Atrium and 
Its Possible Relationship to Fibrillation. Am. J. 
Physiol. 180: 96 (Jan.), 1955. 

At low temperatures in intact cats, there was a 
greater susceptibility to fibrillation. It is pointed 
out that this may be explained by the loss of latency 
which exi.cs at low temperatures. 

OPPENHEIMER 


Leeds, F. H., Freeman, N. E., Gilfillan, R. S., 
and Coelho, H. M.: Blood Pressure in Minute 
Vessels of Human Skin. Arch. Surg. 70: 25 
(Jan.), 1955. 

The blood pressure in the small cutaneous vessels 
of the skin was studied in a series of 83 sympathec- 
tomized lower extremities, using the method of eleva- 
tion and reactive hyperemia. In 72 per cent of 
cases, the readings were definitely increased as 
compared with preoperative results. The response 
was most marked in patients with exaggerated 
vasomotor tone and no arterial obliteration. In 
the group with occlusive arterial vascular disease, 
the patients with small artery obstruction demon- 
strated a greater change following sympathectomy 
than those with large artery occlusion. 

ABRAMSON 


Atlas, L. N.: Clinical Observations on Vasosensory 
Innervation of Lower Extremity. Arch. Surg. 
70: 17 (Jan.), 1955. 

The author present several case reports to il- 
lustrate the various types of pain associated with 
occlusive arterial vascular disorders and the means 
that are available for their control. The results 


were used in the elucidation of the mechanisms 
responsible for the pain. 

The theory was presented that vasosensory 
neurons from the lower limb course along the iliac 
arteries and abdominal aorta, reaching and entering 
the spinal cord via the lumbar sympathetic ganglia. 
Other peripheral vasosensory neurons may leave 
the preaortic plexus by way of its connections with 
the celiac ganglion. By traversing this ganglion and 
the splanchnic nerves, along with other visceral 
afferents, they enter the spinal cord at various 
levels within the thorax. 

ABRAMSON 


Mirsky, I. A.: Secretion of Antidiuretic Hormone in 
Response to Noxious Stimuli. Arch. Neurol. 
and Psychiat. 78: 135 (Feb.), 1955. 

Verney and co-workers have shown that noxious 
stimuli in animal or man result in an inhibition of 
diuresis induced by water ingestion. Stimuli which 
‘an initiate the ‘alarm reaction,” elicit an anti- 
diuretic response. Hypothalamic extracts of stressed 
animals exhibit a marked decrease in the concentra- 
tion of antidiuretic hormone. 

A procedure for the assay of antidiuretic sub- 
stances in blood plasma was used to determine the 
activity of the plasma of animals and man exposed 
to noxious stimuli. Pain produced a mild electric 
shock, noise, produced by a Federal Siren, intra- 
peritoneal injection of 1 mg. of histamine hydro- 
chloride per 100 Gm. of body weight and the emo- 
tional stimuli of a strange environment for more 
than two minutes caused an elevation of the plasma 
antidiuretic titer in rats. Adrenalectomy, treatment 
with cortisone or hypophysectomy did not interfere 
with these reactions. Adrenalectomized and hypoph- 
ysectomized rats produce a higher antidiuretic 
titer in response to noxious stimuli than controls. 
These results indicate that neither the adrenal 
gland, anterior or posterior pituitary is essential 
for the release of antidiuretic substance into the 
circulation. 

Ischemic pain in men caused an increase in their 
plasma antidiuretic titer. Surgical operations in men 
also produced this increase, which disappeared in 
2 to 3 hours. Subtler, stressful situations also pro- 
duced this increase. 

These results reveal that an antidiuretic substance 
is released into the circulation when the organism is 
exposed to a situation which has noxious significance. 
This substance behaves like the antidiuretic hor- 
mone. Since it is released in hypophysectomized 
animals, the antidiuretic hormone must take origin 
in some extrahypophyseal site. The hypothalamus 
is suggested as a posible site. 


WECHSLER 


Catchpole, B. N. and Jepson, R. P.: Hand and 
Finger Blood Flow. Clin. Se. 41: 109 (Feb.), 
1955. 
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The authors describe a method of plethys- 
mography incorporating a means of shutting off all 
finger blood flow and employing copper-tellurium 
heat-flow discs. They felt that artefact distortion 
was eliminated and that the method made it pos- 
sible to estimate blood flow in all of the finger tissue. 
At temperatures from 15 to 30 C., the blood flow 
through the fingers exceeded that through the hand, 
but the proportion fell at higher temperatures. The 
heat-flow recordings consistently followed the 
plethysmographic readings, but no correlation was 
attempted. The heat-flow discs are useful especially 
when simultaneous records are desired. 

ENSELBERG 


Guyton, A. C., Lindsey, A. W. and Kaufmann, B. 
N.: Effect of Mean Circulatory Filling Pressure 
and Other Peripheral Circulatory Factors on 
Cardiac Output. Am. J. Physiol. 180: 463 (March), 
1955. 

Venous return is approximately proportional to 
mean circulatory filling pressure minus pressure in 
the right atrium. This pressure gradient also dilates 
vessels and thus facilitates venous return. As a 
result, the cardiac output increases, more than 
would be predicted, as the venous pressure rises. 
Mean circulatory filling pressure is the upper limit 
for right atrial pressure. Changes in arterial and 
arteriolar resistance affect venous return much less 
than changes in venular and venous resistances. Of 
other effective factors, it was noted that venous re- 
turn is approximately inversely proportional to 
blood viscosity. Only if all the peripheral resistances 
and capacitances are held constant is venous return 
proportional to arterial pressure. 

OPPENHEIMER 


Allbaugh, E. and Horvath, S. M.: Effect of Total 
Occlusion of Thoracic Aorta on Blood Pressure, 
Splanchnic Blood Flow and Metabolic State in 
Dogs. Am. J. Physiol. 180: 451 (March), 1955. 
When the thoracic aorta was completely shut off, 

a level of the fourth interspace arterial pressure 
declined to 16 mm. Hg below the obstruction. 
Arterial pressure was greatly increased above this 
occlusion. While the obstruction was allowed to 
persist, the estimated splanchnic blood flow was 
reduced by 73 per cent. Although splanchnic oxygen 
use was less despressed, the arteriovenous oxygen 
difference was increased. Control values were quickly 
achieved in all parameters, when the obstruction 
was removed. 


OpPpENHEIMER 


RHEUMATIC FEVER AND RHEUMATIC 
HEART DISEASE 

Tillett, W. S., Johnson, A. J. and McCarty, W. R.: 

The Intravenous Infusion of the Streptococcal 


Fibrinolytic Principle (Streptokinase) into Pa- 
tients. J. Clin. Invest. 34: 169 (Feb.), 1955. 


When streptokinase (as contained in Varidase) 
is injected intravenously by continuous or inter- 
mittent infusion, there occur certain hematologic 
changes. Among these are polymorphonuclear 
leucocytosis and irregular alterations in platelet 
count. No significant changes in clotting or bleeding 
time were seen. 

Patients who showed low titers of naturally oceur- 
ring inhibitor had a moderate prolongation of pro- 
thrombin time, when active fibrinolysis developed. 
These subjects also had a decrease in fibrinogen, 
plasminogen and complement. Pyrogenic reactions 
were present and could be controlled by anti- 
histamines. Hypotension was also seen. 

Repeated infusions had a “booster” effect, in 
that fibrinolytic activity was of greater degree and 
duration, when the same total amount of strepto- 
kinase was administered in two or three infusions, 
several hours apart. 

WAIFE 


Debré, R., Mozziconacci, P. and Nouille, J. Diag- 
nostic Elements of Bouilland’s Disease. Arch. 
mal coeur 48: 76 (Jan.), 1955. 

Eighty-one cases of acute rheumatic fever were 
analyzed to determine the incidence of cardiac 
complications, the development of valvular de- 
formities and the predictability of such an evolution. 
Among 71 hospitalized cases, some cardiac pathology 
was pre-existent in six. In the remaining 65 cases, it 
developed during observation, in 56 per cent within 
the first two weeks and in 44 per cent later. In nine 
of these cases, there was initially no sign which 
would permit anticipation of cardiac involvement. 
The latter should be suspected whenever there were 
previous attacks of rheumatic fever, frequent 
streptococcus infections of the throat, a high sedi- 
mentation rate and a fibrinogen titer of over 8 Gm. 

In order to gain information concerning the prog- 
nosis, the cases were divided into two groups accord- 
ing to the presence or absence of the following find- 
ings designated as “important”: a sedimentation 
rate of 90 mm., fibrinogen over 8 Gm. a red blood 
count of less than 3.5 million and a white blood 
count exceeding 15,000 with polynuclears of over 
80 per cent. The study revealed that in the presence 
of these “important” signs, the chances are that one 
out of two cases will take a serious course. In the 
absence of the laboratory findings, the outlook is 
in general favorable, but a serious evolution is 
possible. The authors conclude that every case of 
acute rheumatic fever requires energetic treatment, 
regardless of laboratory findings. 

Pick 


Deglaud, L. and Laurens, P.: Vectorcardiog:aphic 
Study on Right Heart Strain in Mitral Stenosis. 
Arch. mal coeur 48: 129 (Feb.), 1955. 

A vectorcardiographic study is presented of 118 
cases with pure or predominant mitral stenosis, in 
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14 before and subsequent to commissurotomy. 
Four types of vectorcardiograms are described as 
reflecting the degree of right ventricular prepon- 
derance. The distinction of these four patterns is 
based on the degree of deviations of the frontal 
QRS loop, the contour and width of the QRS loop in 
the horizontal plane and the direction of the hori- 
zontal T loop. Ordinarily, there is a good correlation 
between these different types of vector loops and 
the extent of elevation of the pulmonary arterial 
pressure. If a discrepancy is found, an additional 
valvular lesion, either aortic or mitral insufficiency, 
must be suspected. 

Surgery, followed by clinical and hemodynamic 
improvement, is invariably reflected in the vector- 
cardiogram by regression in the degree of altera- 
tions. This amelioration is, according to the authors, 
more obvious in the vectorcardiogram than in the 
scalar electrocardiogram. Comparison of pre- and 
postoperative vectorcardiograms and a study of 
alterations, occurring in the direction and contour 
of its different portions, permits an understanding of 
variations of the electric field as caused by right 
heart strain. 

Pick 


Balaguer-Vintro, I., Torner-Soler, M. and Gibert- 
Queralto, J.: Comparative Study ot Methods 
used for Measurements of Mitral Stenosis. 
Acta cardiol. 10: 44, (Fase. 1), 1955. 

A comparative study was made in 15 cases of 
mitral. stenosis by determining the following data: 
the mitral area according to Gorlin’s formula, the 
mean pulmonary arterial wedge pressure, the mitral 
resistance index, determined according to Werké, 
and a formula developed by the authors. In general, 
there was good correlation between the results de- 
termined by these various methods. In certain cases 
calculations taking into account the variations of 
the diastolic period (Gorlin’s formula and_ the 
diastolic mitral resistance index, according to the 
authors), gives more accurate information. 

From the practical standpoint, determination of 
the mean pulmonary arterial wedge pressure by 
itself gives an idea of the approximate degree of 
reduction of the mitral area. Gorlin’s formula has 
the advantage that its accuracy can be checked at 
surgery or at autopsy. In the material of the authors, 
this could be verified during commissurotomy in 
seven cases and postmortem in four cases. 


Pick 


Davies, L. G., Goodwin, J. F. and Van Leuven, 
B. D.: The Nature of Pulmonary Hypertension in 
Mitral Stenosis. Brit. Heart J. 16: 440 (Oct.), 1954. 
The effect of hexamethonium bromide on the 

pulmonary circulation was studied in nine indi- 

viduals with mitral stenosis, three with predominant 
mitral incompetence and two with additional sig- 
nificant aortic disease. 


In four with marked pulmonary hypertension, 
significant falls in pulmonary artery pressure, 
amounting to 30 to 40 per cent of the resting level, 
occurred without significant diminution of cardiac 
output. Lesser degrees of falls occurred in those 
with slight to moderate pulmonary hypertension. 
Pulmonary wedge pressure measured in two also 
showed falls. 

The fall of the pulmonary artery pressure without 
a fall in cardiac output suggests that hexamethonium 
reduces pulmonary vascular resistance by producing 
pulmonary artery dilatation. This effect of the drug 
may be of value in the treatment of individuals with 
pulmonary hypertension who are not suitable for 
valvotomy. 

SOLOFF 


Chancey, R. L., Morris, A. J., Conner, R. H., 
Catanzaro, F. J., Chamovitz, R. and Rammel- 
kamp, C. H., gr.: Studies of Streptococcal Pro- 
phylaxis. Comparison of Oral Penicillin and 
Benzathine Penicillin. Am. J. M. Sc. 229: 165 
(Feb.), 1955. 

A comparison is presented, showing the effective- 
ness of oral and Benzathine penicillin in prophylaxis 
against streptococcal infections and also the in- 
cidence of toxic reactions caused by each drug. A 
single, intramuscular injection of the benzathine 
preparation was given in a dose of 1,200,000 and 
600,000 units to 960 and 950 adult males, respec- 
tively. Oral penicillin doses of 250,000 units twice 
daily were given to 845 men for 10 days. The in- 
cidence of reactions resulting from the prophylactic 
treatment was 5.2, 2.1, and 1.07 per cent. The 
reactions were mild and were characterized chiefly 
by urticarial type of skin lesions. All three programs 
were effective in eliminating the carrier state for 
group A streptococci. The larger dose of benzathine 
penicillin was the most effective regimen; new 
acquisitions of the streptococcus occurred less fre- 
quently in this group. From these data it would 
appear that intramuscularly benzathine penicillin 
is an effective agent for prophylactic use and avoids 
the problem of failure of the patient to take the drug, 
when given orally. Because of the incidence of reac- 
tions to the depot preparation, further experience 
with smaller doses is advisable. 

SHUMAN 


Manchester, B., Scotti, T. M., Reynolds, M. L. and 
Dawson, W. H.: Aschoff Bodies in Left Auricular 
Appendages of Patients with Mitral Stenosis. 
Arch. of Int. Med. 95: 231 (Feb.), 1955. 

The records of 35 patients operated upon for 
mitral stenosis have been reviewed. The biopsy 
specimens of the left atrial appendages were ex- 
amined and Aschoff bodies were noted in 13 (37 
per cent). Clinical and laboratory methods are 
inadequate for the detection of active subclinical 
rheumatic carditis. The postoperative mortality 
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and morbidity, as well as clinical improvement, 
were the same for the group of cases in which biopsy 
was positive for Aschoff bodies and the group in 
which it was negative. Statistically, reactivation of 
rheumatic fever probably occurred with equal fre- 
quency in the two groups. 

BERNSTEIN 


Evans, M. and Parker, R. A.: Honeycomb Lung 
and Mitral Stenosis in Scleroderma. Thorax 
9: 158 (June), 1954. 

A case of scleroderma (acrosclerotic type) with 
honeycomb lung and mitral stenosis is described. 
The cysts in the lung were thought to be caused by 
contraction of the fibrous tissue of the lung paren- 
chyma. The fibrous tissue may be the end result of a 
sclerodermatous or chronic inflammatory process. 
The finding of mitral stenosis in this case of sclero- 
derma is probably fortuitous. 

BERNSTEIN 


Catanzaro, F. J., Brock, L., Chamovitz, R., Perry, W. 
D., Siegel, A. C., Stetson, C. A., Rammelkamp, 
C. H., Jr., Houser, H. B., Stolzer, B. L., Wanna- 
maker, L. W. and Hahn, E. O.: Effect of Oxy- 
tetracycline Therapy of Streptococcal Sore 
Throat on the Incidence of Acute Rheumatic 
Fever. Ann. Int. Med. 42: 345 (Feb.), 1955. 
The results of treatment of 506 patients with 

streptococcal exudative pharyngitis, with oxytetra- 

cycline administered for five days, is presented. 

Serving as controls, 480 patients received no specific 

therapy. In the dosages employed, oxytetracycline 

reduced the convalescent streptococcal carrier rate 

55 per cent as compared to the control group. In 

addition, the average antistreptolysin response in 

the treated patients was 49 per cent less than that 
observed in the control patients. Maximal inhibition 
of antibody production occurred in the treated 
patients in whom the infecting organism was elimi- 
nated. Recurrent pharyngitis occurred more fre- 
quently in the treated group, particularly in those 
patients who remained carriers. The second clinical 
illness usually developed within 2 to 3 weeks after 
therapy had been discontinued. Suppurative com- 
plications were of infrequent occurrence in both 
groups. Rheumatic fever developed within 35 days 
after the onset of the streptococcal infection in 12 
patients in the control group and in five patients 
in the group treated with oxytetracycline. The 
attack rate was reduced, therefore, from 2.94 per 
cent in the control group to 0.99 per cent by therapy 
with oxytetracycline (p —0.07). Until further data 
are available, it is recommended that penicillin, 
administered so that effective concentrations are 
maintained for at least 10 days, be used in the 
treatment of streptococcal infections. This may be 
accomplished by the single injection of 600,000 to 

900,000 units of benzathine penicillin or by the oral 

administration of 250,000 to 500,000 units of peni- 


cillin, twice daily for 10 days. Erythromycin, 
chlortetracycline and oxytetracycline should be 
reserved for those patients who are unable to tolerate 
penicillin and, if they are employed, should be 
administered for at least 10 days. 

WENDKOs 


Fowler, N. O., Noble, W. J., Giarratano, S. J. and 
Mannix, E. P.: The Clinical Estimation of Pul- 
monary Hypertension Accompanying Mitral 
Stenosis. Am. Heart J. 49: 237 (Feb.), 1955. 
Forty patients, having rheumatic heart disease 

and mitral stenosis, were studied clinically and by 

vardiac venous catheterization in an attempt to 
develop clinical criteria for the estimation of the 
degree of pulmonary hypertension. The patients 
were divided into three groups according to the 
mean pulmonary arterial blood pressure: mild or no 
pulmonary hypertension, below 30 mm. Hg; mod- 
erate pulmonary hypertension, 30 to 49 mm. Hg 

and severe pulmonary hypertension, above 50 mm. 

Hg. Eighteen subjects were in the mild group, 10 

were moderate and 12 were severe. 

The following criteria were found helpful in 
indicating moderate or severe pulmonary hyper- 
tension: (1) roentgenologic evidence of right ven- 
tricular hypertrophy; (2) precordial lead V, of the 
electrocardiogram; (3) evidence of right heart 
failure and (4) pulmonary edema. The following 
criteria were of little or no help: (1) the height of 
the “A” wave of the right atrial pulse pressure; 
(2) the intensity of the apical diastolic murmur; 
(3) the intensity of the pulmonic second sound and 
(4) hemoptysis. 

RINZLER 


ROENTGENOLOGY 


Van der Straeten, P. P.: Postmortem Coronarography 
in Aged Persons. Acta cardiol. 10: 15 (Fasc. 1), 
1955. 

The author reports the results of postmortem 
roentgenography of the heart in 34 aged human 
subjects, before and after injection of the coronary 
vascular bed by lipiodol. Two types of degenerative 
changes could be distinguished. The first type which 
is always present and intensified with age, consists 
in widening of the large arteries and opening of 
collaterals of middle and small caliber. This condi- 
tion is considered to represent a part of the physi- 
ologic alterations associated with aging. The second 
alteration, found commonly but not as often as 
the first, consists in reduction of the lumen of the 
large coronary arteries, either localized or more 
extensive, with production of atheromatous plaques 
and califications. Such areas of coronary stenosis 
may ultimately progress to complete obstruction of 
the vessel. In many cases, a striking discrepancy was 
noted between the pronounced stenosis of large 
coronary arteries and the degree of development of 
collateral channels. 

Pick 
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digital Plethysmography. George H. Burch. New 

York, Grune and Stratton, 1954, 142 pages, 83 

illustrations. Price $5.00. 

The inability to express adequacy of blood flow in 

juantitative terms is one of the major unresolved 
wroblems in experimental and clinical peripheral 
rascular physiology. The pulse wave of a digit may, 
inder certain circumstances, serve as an index of the 
‘ate of blood flow. This relationship of pulse wave 
to blood flow may be expressed plethysmographically 
by the venous occlusion technic in which veins 
draining a part are obstructed and the rate at which 
blood accumulates in the part from the arterial side 
is measured. The pitfalls inherent in most attempts 
to measure blood flow rates by venous occlusion are 
reviewed critically and in detail in this monograph. 
With a clear knowledge of the limitations of the 
technic, the author describes a new plethysmo- 
graphic method for recording continuously, during a 
pulse cycle, the rate of blood flow into and out of the 
digit of man. The author believes the technic is 
standardized sufficiently to be applied to the study 
of normal and abnormal physiologic vascular states 
of the fingertip of man. 

This excellent monograph should be most helpful 
to those investigators who use plethysmography in 
the study of the peripheral circulation. 

STANFORD WessLER, M.D. 


Coronary Heart Disease in Young Adults. A Multi- 
disciplinary Study. Menard M. Gertler and Paul 
D. White. Cambridge, Harvard University Press, 
1954, 218 pages illustrated. Price $5.00. 

This interesting volume is the result of an ex- 
haustive study of a group of 100 ambulatory patients 
with a history of myocardial infarction at least six 
months earlier, who at the time of infarction ranged 
in age from 22 years through 40 years. Ninety-seven 
were men and three women. There were 146 un- 
matched controls and a group of matched controls 
for the 97 male patients, consisting of 74 men from 
the unmatched control group and 23 additional men. 

The clinical findings were not impressive. The use 
of alcohol or tobacco could not be implicated as an 
etiologic factor. Heredity seemed to be important, 
but the mode of gene transference or inheritance and 
the degree of penetrance were not clarified. Of 
particular interest was the study of morphologic 
characteristics, endomorphic mesomorphs _ pre- 
dominating. This part of the study was most com- 
plete. Athletic ratings were higher and the incidence 
of managerial occupations greater in the coronary 
group. The coronary patients were less masculine in 
their final scores than the matched control group. 
Endocrine studies limited to a thyroid and a testicu- 


lar-adrenal survey based on 24-hour urinary sterone 
excretion were inconclusive. Mean total cholesterol 
levels in the serum were higher in the coronary group, 
but a threshold level for coronary heart disease 
could not be said to exist. An important additional 
factor appeared to be the serum phospholipids and 
their relation as a colloidal stabilizer of the serum 
cholesterol. The phospholipids showed an increase 
with age in the normal group but did not keep pace 
with age in the coronary group. The serum uric acid 
was found to be higher in the coronary patients. The 
increased levels of cholesterol were highest in the 
mesomorphs, the increased uric acid in the endo- 
morphs. As to diet, the controls ingested more 
cholesterol than the coronary patients. A study of 
the oxidation-reduction potentials of saliva showed 
a faster rate of change per minute in the coronary 
patients during the entire test procedure. 

Although on the whole there were suggestive dif- 
ferences between the coronary and control groups, 
no conclusions of a fundamental nature were 
possible. 


Watuace M. Yarter, M.D. 


The Digital Circulation. Milton Mendlowitz. New 
York, Grune & Stratton, 1954. 192 pages, 115 
illustrations, 12 in color, 31 tables. Price $6.75. 
Although the title of this book might suggest that 

a very specialized subject is discussed, this is not 

really so. Most patients who go on. to amputation as 

the result of arterial occlusive disease do so because 
of gangrene of toes. Furthermore, vasospastic 
phenomena are most severe in the fingers. The 
digital circulation, therefore, is the area of in- 
volvement in peripheral vascular diseases that is not 

only most important to study but happens to be a 

most accessible area of the body for measuring 

blood flow. 

The author’s interest in measuring blood flow and 
blood pressure in clubbed fingers initiated a large 
number of investigations on digital blood flow in 
various conditions which finally led the author to 
put his experience and also a great deal of collateral 
information into this book. The discussion of the 
anatomy, physiology, pharmacology and pathology 
of the circulation in the hand and foot served as an 
excellent review to this reviewer. The chapter on 
methods of measuring blood flow in the digits is 
based on the author’s extensive personal experience 
and should be of value to anyone who is considering 
the use of one or more of these methods or is already 
using them. Capillaroscopy is discussed as well as the 
measurement of blood flow by skin temperature 
studies, plethysmography, oscillometry and calori- 
metric methods. The latter is described in con- 
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siderable detail. Digital vascular resistance and the 
effect of intravascular blood viscosity are also given 
full treatment. Finally, oxygen exchange is discussed 
as a more recent development in studying digital 
blood flow. The peripheral vascular diseases are 
discussed in a chapter of twenty-one pages. This is 
a considerable condensation but does contain some 
useful information relating digital blood flow to 
various phenomena in each disease discussed. 
Clubbing of the fingers receives extended treatment 
as would be expected from the author’s background. 
It was Mendlowitz who demonstrated that acquired 
symmetric clubbing of the fingers and toes is usually 
associated with an increase in blood flow in the 
fingers. The author discusses in some detail the 
various clinical conditions that may result in local 
over-supply of blood to the digits with the produc- 
tion of clubbing. Special mention should be made 
of tables 3 and 4 which summarize the effects of 
drugs on the autonomic system. 

This book is a valuable supplement to the larger 
clinical books on peripheral vascular diseases. It 
stresses basic physiologic principles which give 
insight into clinical phenomena in this field. One 
minor criticism is the small type used in the reference 
numbers of the bibliography at the end of the 
volume. These numbers are too small to be seen 
easily and reduce the value of this otherwise con- 
siderable and useful list of references. 

Meyer Narpg, M.D. 


Selected Papers of Dr. Frank N. Wilson. Franklin D. 
Johnston and Eugene Lepeschkin, Eds. Ann 
Arbor, Edwards Brothers, Inc., 1954. 1090 
pages, 489 figures, 61 tables. Price $10.00. 
Many colleagues and students of the late Dr. 

Frank N. Wilson were aware that his collected 

raticles on electrocardiography comprised an 

authoritative text and urged him to compile them 
into a treatise, but were informed that he felt unable 


to spare the time. His many publications in medica! 
journals have been readily available only to the few 
physicians with easy access to medical libraries and 
the very few who were fortunate enough to obtain 
reprints. Those familiar with the electrocardio- 
graphic literature have drawn upon Dr. Wilson’: 
contributions freely and have applied his funda 
mental studies widely in the clinical field. 

In selecting Dr. Wilson’s outstanding papers and 
reproducing them in a single volume, Doctor: 
Franklin Johnston and Eugene Lepeschkin have 
performed a greatly needed service. The collection 
and organization of Dr. Wilson’s papers has provided 
an invaluable reference and text for the entire 
profession and the comments by his associates have 
injected deep human interest. The reproduction 
of the many electrocardiograms and line drawings 
in this volume is excellent and like that in the 
original articles. 

This volume includes Wilson’s fundamental 
studies on direct and semidirect leads that have led 
to the universal adoption of multiple precordial 
and unipolar limb leads and the use of the central 
terminal as the indifferent electrode. The original 
studies elucidating bundle branch block in animals, 
the series on experimental myocardial infarction 
and the monumental articles on clinical application, 
published more than one to two decades ago and 
again accessible in this volume, still constitute the 
basis of modern electrocardiography. The work has 
been confirmed and elaborated but. still remains 
essentially unchallenged. 

This volume also includes the pioneer studies from 
the Wilson Heart Station from which the concept of 
ventricular gradient has developed and the studies 
which initiated the subspecialty of vectorcardi- 
ography. 

The Selected Papers of Dr. Frank N. Wilson is an 
essential part of the library of every cardiologist. 

Gorpon B. Myers, M.D. 
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LAUNCH CONTROLLED RHEUMATIC 
FEVER PREVENTION STUDY 


Inauguration of a study designed to establish 
criteria for streptococcal control in the school 
population as the basis for community rheu- 
matic fever prevention programs all over the 
nation has been announced by the Association. 
The study, which will involve participation of 
2,900 children in three Philadelphia elementary 
schools, is being conducted by the Heart Associ- 
ation of Southeastern Pennsylvania in coopera- 
tion with the national Association and local 
groups. 

The study is designed to fill important gaps 
in knowledge about control of streptoccal infec- 
tions. Earlier studies in a military population 
have demonstrated the efficacy of prompt and 
adequate penicillin treatment of streptococcal 
infections in preventing initial rheumatic 
fever attacks. 

The Philadelphia study is the nation’s first 
controlled effort of its kind designed to yield 
information on the behavior of the streptococci 
in causing infections that may be followed by 
rheumatic fever. This information will provide 
a basis for determining the most effective and 
most practical methods for controlling strepto- 
coccal infections in a school population. Among 
the streptococcal diagnostic procedures that 
will be evaluated is the use of throat cultures. 

The study will continue for at least one year. 
A report on the results will be made after a 
sufficient time has been allowed for followup 
and a careful review of the findings. 

Director of the study is John P. Hubbard, 
M.D., Professor of Preventive Medicine at the 
University of Pennsylvania Medical School, 
who is assisted by David Cornfield, M.D., of the 
Department of Preventive Medicine and 
Pediatrics in the same school. 

The plan for the controlled study was drawn 
up by the Heart Association of Southeastern 
Pennsylvania, in conjunction with the medical 
division of the Board of Education and the De- 
partment of Public Health and Preventive 





Medicine of the School of Medicine, University 
of Pennsylvania. It was approved by a joint 
committee of the American Heart Association’s 
Council on Rheumatic Fever and Congenital 
Heart Disease and Council on Community 
Service and Education. The study is supported 
financially by the American Heart Association, 
the Heart Association of Southeastern Pennsyl- 
vania, the Einstein-Godek Children’s Fund of 
Philadelphia, and E. R. Squibb and Sons and 
Wyeth, Inc., pharmaceutical firms which also 
are supplying free penicillin for the pilot pro- 
gram. 


“CARDIAC-IN-AGRICULTURE” 
STARTED IN IOWA 


STUDY 


The first program of its type in the United 
States, designed to help cardiac farmers con- 
tinue to lead productive lives, has been in- 
augurated by the national Association in 
cooperation with the Iowa Heart Association. 

The one-year pilot study is being conducted 
among farmers of Washington County, Iowa. 
Objective of the Iowa project will be to deter- 
mine the physical capacity of farmers with 
heart diseases, and to help them, through 
medical and social counseling, to remain active 
within their physical limitations. If possible, 
the farmers will be helped to remain in agri- 
culture. It is hoped that the findings of this 
study will provide a pattern for similar projects 
throughout rural America. 

L. E. January, M.D., Professor of Internal 
Medicine at the State University of Iowa 
College of Medicine, has accepted appointment 
as responsible investigator for the study. 

The Iowa project represents an extension of 
the Association’s “Cardiac-in-Industry”’ pro- 
gram into the field of agriculture. As a part of 
this program, work classification units have 
been established during the past few years in 
urban centers to assist factory workers, office 
personnel and professionals who have cardio- 
vascular ailments. 

Cooperating with the Heart Associations in 
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the Iowa study will be the College of Medicine 
of the State University of Iowa; the Extension 
Service of the Division of Agriculture, Iowa 
State College; the Division of Vocational Re- 
habilitation; the Washington County Medical 
Society; the Heart Committee of the Wash- 
ington County Tuberculosis and Health As- 
sociation; the Washington County Health 
Unit; the lowa Farm Bureau Federation; the 
Washington County Farm Bureau; and the 
Washington Evening Journal. The Iowa State 
Medical Society has approved the project. 


GOLD HEART AWARDS 


Three Gold Heart Awards for outstanding 
contributions to cardiovascular medicine and 
to the heart disease program were presented at 
the American Heart Association Annual Din- 
ner in New Orleans, October 23. The Associa- 
tion’s highest honor was bestowed on Thomas 
M. MeMillan, M.D., Philadelphia, Frederick 
K. Trask, Jr., Cos Cob, Connecticut, and 
posthumously to T. Duckett Jones, M.D. 

In the Gold Heart Award scrolls, Dr. Me- 
Millan is cited for “distinguished editorship of 
Circulation since its inception in 1950,” and, 
prior to that, for his editorship of The American 
Heart Journal. His efforts are described as 
having “won acceptance and recognition from 
scientists and physicians throughout the world 
for the American Heart Association and its 
program of professional education.” 

Dr. McMillan is Professor of Clinical Medi- 
cine at the University of Pennsylvania School 
of Medicine. He is retiring as editor-in-chief 
of Circulation on December 31. 

At the time of his death in November, 1954, 
Dr. Jones was regarded as one of the world’s 
leading authorities on rheumatic fever and 
rheumatic heart disease. A former Vice Chair- 
man of the Association and Chairman of its 
Council on Rheumatic Fever and Congenital 
Heart Disease, he served until his death as Vice 
President and Medical Director of the Helen 
Hay Whitney Foundation, New York, which 
supports research in the rheumatic fever field. 
The Gold Heart citation described Dr. Jones’ 
life as one of ‘dedication, attainment and 
service to humanity.” It referred to him as a 
“teacher, scientist and physician . . . world- 
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renowned for his contributions to the under 
standing and treatment of rheumatic fever.” 

The third Gold Heart recipient, Mr. Trask 
recently retired after five years as Chairman 0: 
the Association’s Finance Committee. Hi: 
citation paid tribute to “his practical wisdon 
and guidance in shaping policy (which) ar 
truly reflected iu the security of the heart pro- 
gram, and in the trust and confidence inspired 
by the American Heart Association’s steward- 
ship of public funds.” 


NEW OFFICERS OF ASSOCIATION 
AND COUNCILS AND SECTIONS 
Irvine H. Page, M.D., Cleveland, has as- 
sumed his duties as President of the American 
Heart Association. Dr. Page succeeded E. 
Cowles Andrus, M.D., Baltimore, as chief 
executive of the Association at the Annual 
Meeting and Scientific Sessions in New Orleans 
where other officers of the Association, its Sec- 
tions and Councils were elected. As retiring 
President, Dr. Andrus will automatically be- 
come Chairman of the Scientific Council. 

Edgar V. Allen, M.D., Rochester, Minn. was 
chosen as President-elect. The following were 
elected as Vice Presidents of the Association: 
William H. Bunn, M.D., Youngstown, Ohio; 
S. DeWitt Clough, Chicago; Mrs. Preston 
Davie, New York; Eugene B. Ferris, M.D., 
Atlanta; Louis E. Martin, M.D., Los Angeles; 
A. W. Robertson, Pittsburgh; David D. Rut- 
stein, M.D., Boston; and Robert W. Wilkins, 
M.D., Boston. Berkeley D. Johnson of New 
York was elected as Treasurer. 

The Association’s Councils and Sections held 
business meetings in New Orleans during which 
they chose the following officers: 

Scientific Council: E. Cowles Andrus, M.D., 
Baltimore, Chairman; Eugene A. Stead, M.D., 
Durham, N. C., Vice Chairman. 

Council on Community Service and Educa- 
tion: Martin Cherkasky, M.D., New York, 
Chairman; Ray E. Trussel, M.D., New York, 
Vice Chairman. 

Council on Rheumatic Fever and Congenital 
Heart Disease: Maclyn McCarty, M.D., New 
York, Chairman; George Wheatley, M.D., New 
York, Vice Chairman. 
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Section on Basic Science: William F. Hamil- 
ton, M.D., Augusta, Ga., Chairman; Louis N. 
Katz, M.D., Chicago, Vice Chairman. 

Section on Circulation: Arthur J. Merrill, 
41.D., Atlanta, Chairman; E. A. Hines, M.D., 
tochester, Minn., Vice Chairman. 

Section on Clinical Cardiology: Emmet B. 
3ay, M.D., Chicago, Chairman; William P. 
Chompson, M.D., Los Angeles, Vice Chairman. 

Section on Cardiovascular Surgery: Frank 
slenn, M.D., New York, Chairman; Robert 
Gross, M.D., Boston, Vice Chairman. 

Officers of the Council for High Blood Pres- 
sure Research were scheduled for election at 
the Council’s Annual Meeting in Cleveland, 
November 18-19. 


GENERAL MARK CLARK ACCEPTS 
HEART FUND CHAIRMANSHIP 


In accepting the National Chairmanship of 
the 1956 Heart Fund Campaign, General Mark 
W. Clark emphasized today that the only 
nationwide fund raising effort of the American 
Heart Association and its affiliates will be con- 
ducted in the month of February, 1956. 

General Clark stated: 

“The illness of President Eisenhower has 
brought into sharp focus the magnitude of the 
threat of the heart diseases to the health of this 
country. 

“Tt is our earnest hope that the American 
people will give their fullest support to the 
Heart Fund Campaign, thus making possible a 
vast acceleration of the efforts of medical 
science to find the unknown causes of the heart 
diseases, as well as to bring the benefits of heart 
research to people everywhere. 

“During the past five years, more than 
13,000,000 Heart Fund dollars have been chan- 
neled into heart research. The objective of the 
1956 campaign will be to secure greatly ex- 
panded research support as well as to further 
education and community heart programs of 
the Association.” 

This will be the third successive year as 
National Chairman for General Clark, former 
Commander-in-Chief in the Far East, and now 
President of the Citadel, the Military College 
of South Carolina at Charleston. 


CIRCULATION RESEARCH NAMES 
ASSOCIATE EDITOR 

Harold Feil, M.D., Cleveland, will become 
Associate Editor of Circulation Research, the 
Association’s bimonthly journal of funda- 
mental studies, on January 1. Dr. Feil, Clinical 
Professor of Medicine at Western Reserve Uni- 
versity, will work in conjunction with Carl J. 
Wiggers, M.D., the journal’s editor-in-chief. 
Dr. Feil is former President of the Cleveland 
Area Heart Society. 


To Use Interlingua 


Also on January 1, Circulation Research will 
appear for the first time in an expanded form. 
In order to accommodate the greatly increased 
volume of worthy manuscripts, the publication 
will increase its number of pages in each issue 
by approximately one-fourth. At the same time, 
Circulation Research will inaugurate a policy of 
publishing summaries of its articles in Inter- 
lingua, the international language which has 
proved so helpful in making the contents of 
Circulation more readily available to non- 
English-speaking physicians and scientists. 


DR. SCHUYLER JOINS ASSOCIATION 
AS ASSISTANT MEDICAL DIRECTOR 


Leonard H. Schuyler, M.D.,-New York, has 
been appointed as an Assistant Medical Direc- 
tor of the Association. He will aid in the admin- 
istration of the research support and_ pro- 
fessional education programs. 

Dr. Schuyler, a graduate of the Duke Uni- 
versity Medical School, formerly was a Re- 
search Fellow in medicine at the Vascular 
Research Laboratory of the New York Hospi- 
tal-Cornell University Medical School. 


NAME WINIFRED DEVLIN AS 
NURSING CONSULTANT 


Miss Winifred Devlin, R.N. has been ap- 
pointed as Consultant Nurse in Cardiovascular 
Diseases for the newly-established Cardio- 
vascular Nursing Advisory Service, a joint 
project of the Association and the National 
League for Nursing. 

Miss Devlin, former Industrial Nurse Con- 
sultant in the U. 8. Public Health Service, will 
assist Heart Associations throughout the 
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country in establishing closer relations with the 
nursing profession and in providing special 
educational services for nurses. 


RESEARCH INFORMATION EXCHANGE 
NEEDS DATA FROM INVESTIGATORS 

The Bio-Sciences Information Exchange is 
seeking to complete its record of research being 
conducted throughout the United States by ob- 
taining information from scientists working 
without grants or other financial support from 
outside agencies. 

The Information Exchange, originally cre- 
ated and supported by governmental agencies 
which support scientific research, serves as a 
clearing house for information about current 
research in the biological, medical and psycho- 
logical sciences. Many voluntary health 
agencies, including the American Heart As- 
sociation, and private foundations cooperate 
with the Exchange. 

A detailed subject index on research in 
progress is maintained by the Exchange. This 
information is available without cost to co- 
operating agencies and to investigators associ- 
ated with recognized research institutions. In 
this way, agencies or investigators can learn 
about work in their field on which published 
reports are not yet available. Individual in- 
vestigators are not given information on the 
amounts of grants to others, nor may they use 
any prepublication material for publication or 
publication references. 

Scientists working on projects without out- 
side support are urged to write to Dr. Stella 
Leche Deignan, Director, Bio-Sciences Informa- 
tion Exchange, 1113 DuPont Circle Building, 
Washington 6, D. C. 


AMERICAN COLLEGE OF CHEST 
PHYSICIANS 


An award of $500 is being offered by the 
Committee on Cardiovascular Research of the 
American College of Chest Physicians for the 


“best manuscript on ‘Acute Pulmonary 

Edema’ ” submitted before May 1, 1956. 
Eligibility is restricted to unpublished manu- 

scripts or those published after April 1, 1955. 


The manuscript must be based on an original 
study of either an experimental or clinical type, 
and it may include problems of therapy. 

Additional information may be obtained 
from Aldo A. Luisada, M.D., Chairman, See- 
tion on Cardiovascular Physiology, American 
College of Chest Physicians, 112 Chestnut 
Street, Chicago 11, II. 


MEETINGS CALENDAR 


Dec. 11-16: Radiological Society of North America, 
Chicago, D. S. Childs, 713 E. Genesee St., Syra- 
cuse, N. Y. 

Dec. 13: American Academy of Obstetrics and 
Gynecology, Chicago. C. Paul Hodgkinson, 116 
S. Michigan Blvd., Chicago 3. 

Jan. 20: Southern Section, American Federation for 
Clinical Research, New Orleans. John H. Moyer, 
M.D., Baylor University College of Medicine, 
1200 M. D. Anderson Blvd., Houston. 

Jan. 25: Western Section, American Federation for 
Clinical Research, Carmel, Calif. B. H. Scribner, 
M.D., Veterans Administration Hospital, Seattle 
8, Wash. 

Feb. 6-8: American Academy of Allergy, St. Louis, 
Francis C. Lowell, 65 E. Newton St., Boston. 
Feb. 10-11: American College of Radiology, Chi- 
cago. W. C. Stronach, 20 N. Wacker Drive, 

Chicago 6. 

March 24-25: American Psychosomatic Society, 
Sheraton Plaza Hotel, Boston. Abstracts must be 
submitted by Dec. 1 to Stanley Cobb, M.D., 551 
Madison Avenue, New York 22. 


ABROAD 


Jan. 20-27: Pan-American Congress of Gastro- 
Enterology, Havana. Dr. Norberto E. Stapler, 
1667 J.E. Uriburu, Buenos Aires. 

Jan. 22: French Assembly of General Medicine, 53rd 
Medical Meeting, Paris. Dr. Guy Godlewski, 157 
Avenue Malakoff, Paris 16e. 

March 6-9: Ciba Foundation Symposium on In- 
fluence of Ionizing Radiation on Cell Metabolism 
(by invitation), London. Dr. G. E. W. Wolsten- 
holme, Director of Foundation, 41 Portland 
Place, London W. 1. 

March 26-28: Ciba Foundation Symposium on The 
Biophysics and Biochemistry of Viruses (by in- 
vitation), London. Dr. G. E. W. Wolstenholme, 
Director of Foundation, 41 Portland Place, 
London, W. 1. 
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